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TO 

THE  NEW  EDITION. 


ly  preparing  an  Edition  of  these  Dialogues^  which  should  con- 
tain some  of  the  recent  acquisitions  to  sciencei  I  have  been 
eaieful  to  adhere  strictij  to  the  spirit  of  the  Anthor;  and  also 
not  to  confdse  the  joung  reader,  for  whose  use  alone  the  book 
ia  written,  with  matter  too  abstmse  for  his  comprehension.  I 
have  inade  very  few  inroads  upon  the  original  text ;  where  I 
have  felt  it  necessary  to  erase  any  passage,  I  have  substituted 
the  modem  interpretation.  My  pen  at  times  has  been  yearning 
to  run  on  and  enter  more  fully  into  detail  on  subjects,  upon 
which  I  have  been  compelled  barely  to  toudlL  In  presentii^ 
to  my  young  friends  this  edition  of  *^  Joyce's  Scientific  Dia- 
logues **  in  its  integrity,  I  hope  they  will  derive  as  much  plea- 
sure and  instruction  from  it  as  I  myself  remember  to  have 
derived  in  my  boyish  days. 


Chahles  V.  Walkbb. 


September^  1846. 
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PREFACE 


TO 


THE  NEW  AND  ENLAEGED  EDITION. 


CoNSCDEBABLE  alteration  has  been  made  in  this  Edition.  The 
Tables  throughout  have  been  revised  and  enlarged,  and  some 
new  ones  prepared.  In  some  places  the  Conversations  have  been 
much  extended.  Many  fresh  subjects  have  been  introduced, 
and  several  Conversations  added;  as,  **0n  the  new  Planet,  Nep- 
tune ;  the  nineteen  new  Asteroids" — "  Of  the  Diving-Boat"  — 
**  Of  the  Locomotive" — **  Binocular  Vision ;  the  Stereoscope ; 
the  Pseudoscope ;"  "Magneto-Crystalline  Action,"  &c. 

Without  departing  from  the  original  plan  of  the  Author,  I 
have  endeavoured  as  much  as  possible  to  breathe  into  the  con- 
versations the  spirit  of  modem  science.  Much  more  could 
have  been  profitably  introduced  had  space  permitted. 


Charles  V.  Walker. 


Bordyke^  Tunbridge. 
April,  1853. 


PREFACE. 


The  Aathor  of  this  Tolmne  feels  himself  extremel j  bappj  in 
the  opportunitj  which  this  publication  afibrds  him  of  acknow- 
ledging the  obligations  he  is  under  to  the  authors  of  ^  Practical 
Education,**  for  the  pleasure  and  instruction  which  he  has  de- 
rived from  that  yaluable  work.  To  this  he  is  indebted  for  the 
idea  of  writing  on  the  subject  of  Natural  Fhilosophj  for  the 
use  of  children.  How  &r  his  plan  corresponds  with  that  sug- 
gested bj  Mr.  Edgeworth,  in  his  chapter  on  Mechanics,  must 
be  left  with  a  candid  public  to  decide. 

•  The  Author  conceires,  at  least,  he  shall  be  justified  in  assert- 
ing, that  no  introduction  to  natural  and  experimental  philosophy 
has  been  attempted  in  a  method  so  familiar  and  easj  as  that 
wfaidi  he  BOW  offers  to  the  public — none  whidi  appears  to  him 
80  properly- adapted  to  the  capacities  of  joung  people  often  or 
eleven  years  of  age;  a  period  of  life  which,  from  the  Author's 
own  experience,  he  is  confident  is  by  no  means  too  early  to  in- 
duce in  children  habits  of  scientific  reasoning.  In  this  opinion 
he  is  sanctioned  by  the  authority  of  Mr.  Edgeworth.  ^'  Fa- 
rents,**  says  he,  "  are  anxious  that  children  should  be  conver- 
sant with  mechanics,  and  with  what  are  called  the  mechanical 
powers.  Certainly  no  species  of  knowledge  is  better  suited  to 
the  taste  and  capacity  of  youth,  and  yet  it  seldom  forms  a  part 
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of  earlj  instnictioii.  Everybody  talks  of  the  lever,  the  wedge, 
and  the  pulley,  bat  most  people  perceive  that  the  notions 
which  they  have  of  their  respective  uses  are  unsatisfactory  and 
indistinct;  and  many  endeavour,  at  a  late  period  of  life,  to  ac- 
qxdre  a  scientific  and  exact  knowlec^  of  the  effects  that  are 
prodnced  by  implements  whidi  are  in  everybody's  hands,  or 
that  are  absolutely  necessary  in  the  daily  occupations  of  man- 
kind." 

The  Author  tmsts  tiiai  the  whole  work  will  be  found  a  com- 
plete compendium  of  natural  and  experimental  philosophy,  not 
only  adi^>ted  to  the  understandings  of  young  people,  but  well 
calculated  also  to  convey  that  kind  of  faimlior  instrucdon  which 
is  absolately  necessary  before  a  person  can  attend  public  lec- 
tures in  these  branches  of  science  with  advantage.  ^  If,  **  says 
Mr.  Edgewarth,  speaking  on  ibis  subject,  ^the  lecturer  does 
not  communicate  much  of  that  knowledge  whidi  he  endeavours 
to  explain,  it  is  not  to  be  attributed  either  to  his  want  of  skill 
or  to  the  insufficiency  of  his  apparatus,  but  to  the  novelty  of 
the  terms  whidi  he  is  obliged  to  use.  Ignorance  of  the  lan- 
guage in  whidi  any  science  is  taught  is  an  insuperable  bar  to 
its  being  suddenly  acquired :  bendes  a  precise  knowledge  of 
the  meaning  of  terms,  we  must  have  an  instantaneous  idea  ex- 
cited in  our  minds  whenever  they  are  repeated ;  and  as  this 
can  be  acquired  only  by  practice,  it  is  impossible  that  philoso- 
l^cal  lectures  can  be  of  much  service  to  those  who  are  not 
iamilisrly  acquainted  with  the  technical  language  in  mldck  tfiey 
are  delivered.*'* 


•  Mr.  gagewwth'i  diipNr  mt  MtOua^m  AewM  he  raeomiiit tided  to  tke  attentiMiftf 
the  reader,  but  the  tnthor  ftda'miwillfaig  to  refer  to  »  pi^  of  »  work,  the  whole  ef 
vhkh  deicrfCi  tte  cweftd  |cr«al  of  aU  peiMM  «!■«•«  ia  the  tdantiea  of  youth. 
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It  is  presumed  that  an  attentive  pemsal  of  these  Dialogaes, 
in  which  the  principal  and  most  common  terms  of  science  are 
carefully  ezphdned,  and  illustrated  by  a  variety  of  familiar  ex* 
amples,  will  be  the  means  of  obviating  this  objection  with 
respect,  to  persons  who  may  be  desirous  of  attending  those 
public  philosophical  lectures  to  which  the  inhabitants  of  the 
metropolis  have  almost  constant  access. 
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CONVERSATIOlsr  L 

INTRODUCTION. 

Father  —  CltarUs — Emmtu 

Charles,  Father,  you  told  sister  Emma  and  me,  tbat,  after  we 
had  finished  reading  the  ^  Evenings  at  Home,**  you  would  ex- 
plain to  us  some  of  the  principles  of  Natural  Philosophy ;  will 
jou  begin  this  morning  r 

Father.  Yes ;  and  I  shall  indeed  at  all  times  take  a  delight  in 
communicating  to  you  the  elements  of  useful  knowledge ;  and 
the  more  so  in  proportion  to  the  desire  which  you  have  of  col- 
lecting and  treasuring  up  such  facts  as  may  enable  you  to 
understand  the  operations  of  nature,  as  well  as  the  works  of 
ingenious  artists.  These,  I  trust,  will  lead  you,  insensibly,  to 
acknire  the  wisdom  and  goodness,  by  which  the  whole  system  of 
the  universe  is  constructed  and  maintained. 

Emma,  But  can  philosophy  be  comprehended  by  children  so 
young  as  we  are  ?  I  thought  that  it  had  been  the  business  of 
men,  and  of  old  men  too. 

F.  The  ^ord  philosophy,  in  its  original  sense,  signifies  a  love 
or  desire  of  wisdom ;  and  you  will  not  allow  that  you  and  your 
brother  are  too  young  to  entertain  such  a  desire. 

F,  So  far  from  it,  that  the  more  knowledge  I  get,  the  better 
I  seem  to  like  it ;  and  the  number  of  new  ideas  which,  with  a 
little  of  your  assistance,  I  have  obtained  from  the  ^*  Evenings  at 
Home,"  and  the  great  pleasure  which  I  have  received  from  the 
perusal  of  these  volumes,  have  made  me  wish  to  know  more  and 
more. 

F.  You  will  find  very  little  in  the  introductory  parts  of  na- 
tural and  experimental  philosophy  requiring  much  more  of 
Sour  attention  than  many  parts  of  that  work,  with  which  you 
ave  been  so  delighted.  Besides,  the  study  of  natural  philo- 
sophy improves  and  elevates  the  mind,  by  unfolding  the  magni- 
ficence and  order,  manifested  in* the  construction  of  the  mate* 


2  MECHANICS. 

rial  world ;  while  it  offers  the  most  striking  proofs  of  the  bene- 
ficence, the  wisdom,  and  the  power  of  the  Creator. 

C.  But  in  some  books  of  natural  philosophy,  into  which  I 
have  occasionally  looked,  a  number  of  new  and  uncommon 
words  have  perplexed  me ;  I  have  also  seen  references  to  figures 
bj  means  of  large  letters  and  small,  the  use  of  which  I  did  not 
comprehend. 

i^  It  is  frequently  a  dangerous  practice  for  young  minds 
to  dip  into  subjects,  unless  prepared  for  them  by  some  pre- 
vious knowledge :  since  it  may  create  a  distaste  toT  the  most 
interesting  topics.  Thus  the  books,  which  you  now  read  with 
80  much  pleasure,  would  not  have  offered  you  the  smallest 
entertainment  a  few  years  ago,  when  you  must  have  spelt  out 
almost  every  word  in  each  page.  The  same  sort  of  disgust  will 
naturally  be  felt  by  persons  who  attempt  to  read  works  of  science 
before  the  leading  terms  are  explained  and  understood.  The 
word  angle  is  continually  recurrmg  in  subjects  of  this  sort ;  do 
you  know  what  an  angle  is  ? 
JS,  I  do  not  think  I  do  :  will  you  explain  what  it  means  ? 
F,  An  artgle  is  made  by  the  opening  of  two  straight*  lines. 
In  this  figure  there  are  two  straight  lines  a  b 
and  G  B,  meeting  at  the  point  b  :  the  opening 
made  by  them  is  called  an  angle. 

C.  Whether  that  opening  be  small  or  great, 
is  it  still  called  an  angle  ? 
your  drawing  compasses  may  familiarize  to  your 
mind  the  idea  of  an  angle ;  the  lines  in  this  figure  will  aptly 
represent  the  legs  of  the  compasses,  and  the  point  b  the  joint 
upon  which  they  move  or  turn.  Now  you  may  open  the  legs 
to  any  distance  you  please,  even  so  far  that  they  shall  form  one 
straight  line ;  in  that  position  only  they  do  not  form  an  angle. 
In  every  other  situation  an  angle  is  made  by  the  opening  of 
these  legs ;  and  the  angle  is  said  to  be  greater  or  less,  as  that 
opening  is  greater  or  less.  An  angle  is,  in  fact^  only, another 
word  for  a  comer, 
JE,  Are  not  some  angles  called  right  angles  ? 

:^  F.  Angles  are  either  right,  acute,  or 

obtuse.  When  the  line  a  b  meets  another 
line  D  G,  in  such  a  manner  as  to  make 
the  angles  a  b  d  and  a  b  c  equal  to  one 
another,  then  those  angles  are  called 

^  right  angles.    And  the  line  a  b  is  said 

^^-  2-  to  be  perpendicular  to  j>  c.    Hence  to 

»  Straight  lines,  in  workf  of  tcience,  ue  niaally  denominated  right  linei ,  and  are  the 
ihortest  diitance  from  point  to  point. 
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be  perpendicular  to,  or  to  make  rigJU  angles  with,  a  line,  means 
one  and  the  same  thing. 

C.  Does  it  signify  how  jou  call  the  letters  of  an  angle,  or  in 
what  order  you  name  them  ? 

F,  It  is  usual  to  call  every  angle  by  three  letters ;  and  the 
letter  at  the  angular  point  must  be  always  the 
middle  of  the  three.  There  are  cases,  however, 
where  an  angle  may  be  denominated  by  a  single 
letter ;  thus  the  angle  a  b  c  may  be  called  simply 
the  angle  b,  for  there  is  no  danger  of  mistake,  be- 
cause there  is  but  a  single  angle  at  the  point  b. 

C,  1  understand  this ;  for  if,  in  fig.  2.,  I  were  to 
describe  the  angle  by  the  letter  b  only,  you  would 
not  know  whether  I  meant  the  angle  on  the  lefl, 
or  that  on  the  right  of  the  perpendicular. 

F,  That  is  the  precise  reason  why  it  is  necessary  in  most  de- 
scriptions to  make  use  of  three  letters.  An  acute  angle  (fig.  1.) 
A  B  c  is  less  than  a  right  angle ;  and  an  obtuse  (fig.  3.)  angle  a  b  c 
is  ^eater  than  a  right  angle. 

Is,  You  see  the  reason  now,  Charles,  why  letters  are  placed 
against  or  by  the  figures,  which  puzzled  you  before. 

C  I  do ;  they  are  intended  to  distin^ish  the  separate  parts 
of  each,  in  order  to  render  the  description  of  them  easier,  both 
to  the  author  and  the  reader. 

£,  What  is  the  difference  between  an  angle  and  a  triangle  ? 

JP.  An  angle  is  a  corner^  and  a  triangle  a  spczce ;  an  angle 
depends  upon  the  opening  of  two  lines ;  but  two  straight  lines 
cannot  inclose  a  space ;  and  a  triangle  a  b  c 
18  a  space  bounded  by  three  straight  lines. 
It  takes  its  name  from  the  property  of  hav- 
ing three  angles.  There  are  various  sorts 
of  triangles ;  but  it  is  not  necessary  to  enter 
upon  these  particulars,  as  I  do  not  wish 
to  burthen  vour  memories  with  more  technical  terms  than  we 
have  occasion  for. 

C  A  triangle  then  is  a  space  or  figiure  containing  three 
angles,  and  bounded  by  as  many  straight  lines. 

2^.  Yes,  that  description  will  answer  our  present  purpose. 
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CONVERSATION  II. 

Of  Matter.  —  Of  the  Divmbility  of  Matter, 

F,  Do  you  understand  what  philosophers  mean,  when  they 
make  use  of  the  word  matter  ? 
E,  Are  not  all  things  which  we  see  and  feel  matter  f 

B  2 


4  JdECHANICS. 

F.  Everything,  which  is  the  object  of  our  senses,  is  matter 
variouslj  modified  or  arranged.  The  properties  of  matter  are 
extent^  it  takes  up  room  or  space ;  impenetrability^  two  particles 
cannot  be  in  the  same  space  at  the  same  time ;  divisibiHty,  each 
particle  can  be  mentally  subdivided ;  inertia,  it  has  no  power  of 
Itself  to  move  if  at  rest,  or  to  stop  if  in  motion ;  mobility^  it  can 
be  transferred  from  place  to  place ;  gravity,  or,  as  we  commonly 
call  it,  weight 

£J.  I  remember,  that  yon  told  as  something  strange  about 
the  divisibility  of  matter,  which  you  said  might  be  continued 
without  end. 

F.  I  did,  some  time  ago,  mention  this  as  a  carious  and  inter- 
esting subject,  and  this  is  a  very  fit  time  for  me  to  explain  it. 

C  Can  matter  indeed  be  infinitely  divided,  for  I  suppose  that 
this  is  what  is  meant  by  a  division  without  end  ? 

F.  Difficult  as  this  may  at  first  appear,  yet  I  think  it  very 
capable  of  proof.  Can  you  conceive  of  a  particle  of  matter  so 
small  as  not  to  have  an  upper  and  under  surface  ? 

C,  Certainly,  every  portion  of  matter,  however  minute,  must 
have  two  surfaces  at  least,  and  then  I  see  that  it  follows  of 
course  that  it  is  divisible ;  that  is,  the  upper  ^surface  may  be 
separated  from  the  lower. 

F.  Your  conclusion  is  just ;  and  though  there  may  be  par- 
ticles of  matter  too  small  for  us  actually  to  divide,  yet  this 
arises  from  the  imperfection  of  our  instruments;  they  must, 
nevertheless,  in  their  nature,  be  divisible. 

F.  But  you  were  to  'give  us  some  remarkable  instances  of 
the  minute  division  of  matter. 

jP.  a  few  years  ago  a  lady  spun  a  single  pound  of  wool  into 
a  thread  168,000  yards  long.  And  Mr.  Boyle  mentions,  that 
two  grains  and  a  half  of  silk  were  spun  into  a  thread  dOO  yards 
in  length.  If  a  pound  of  silver,  which,  you  know,  contains 
5760  grains,  and  a  single  grain  of  gold  be  melted  together,  the 
gold  will  be  equally  difiused  through  the  whole  silver,  insomuch 
that  if  one  grain  of  the  mass  be  dissolved  in  a  liquid  called 
cupiafortis,  which  is  diluted  nitric  acid,  the  gold  will  fall  to  the 
bottom.  By  this  experiment  it  is  evident  tbat  a  grain  may  be 
divided  into  5761  visible  parts,  for  only  the  5761st  part  of  the 
gold  is  contained  in  a  single  grain  of  the  mass. 

The  gold-beaters,  whom  you  have  seen  att  work  in  the  shops 
in  Long  Acre,  can  spread  a  grain  of  gold  into  a  leaf  containing 
50  square  inches,  and  this  leaf  may  be  readily  divided  into 
500,000  parts,  each  of  which  is  visible  to  the  naked  eye :  and 
by  the  help  of  a  microscope,  which  magnifies  the  area  or  surface 
of  a  body  100  times,  the  ICKHh  part  of  each  of  these  becomes 
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Tisible ;  that  is,  the  50  millionth  part  of  a  grain  of  gold  will  be 
visible,  or  a  single  grain  of  that  metal  maj  be  divided  into  50 
niillions  of  visible  parts.  But  the  gold  which  covers  the  silver 
wire  used  in  making  what  is  called  gold  lace,  is  spread  over  a 
much  larger  surface,  jet  it  preserves,  even  if  examined  bj  a 
microscope,  an  uniform  appearance.  It  has  been  calculated 
that  one  grain  of  gold  under  these  circumstances  would  cover  a 
surface  of  nearly  thirty  square  yards. 

The  platinum  wire  stretched  in  the  field  of  the  telescope,  by 
which  the  transit  of  stars  is  observed,  is  so  fine  that  a  mile  of  it 
kardly  weighs  a  grain ;  and  150  pieces  are  only  equal  in  size 
to  a  filament  of  raw  silk.  The  small  black  point  visible  in  an 
exhausted  soap-bubble  is  so  thin,  that  two  and  a  half  millions 
would  be  required  to  make  the  thickness  of  an  inch.  Four  miles 
of  spiders'  web  only  weighi  a  grain. 

The  iiatural  divisions  of  matter  are  still  more  surprising.  In' 
odoriferous  bodies,  such  as  camphor,  musk,  and  assafcetida,  a 
wonderful  subtilty  of  parts  is  perceived ;  for  though  they  are 
perpetually  filling  a  considerable  space  with  odoriferous  par- 
tides,  yet  these  bodies  lose  but  a  very  small  part  of  their  weight 
in  a  great  length  of  time. 

Again,  it  is  said  by  those  who  have  examined  with  powerful 
microscopic  glasses,  and  whose  accuracy  may  be  relied  on,  that 
there  are  more  animals  in  the  milt  of  a  single  cod-fish,  than 
^ere  are  men  on  the  whole  earth,  and  that  a  single  grain  of 
sand  is  larger  than  four  millions  of  these  animals.  Now,  if  it 
be  admitted  that  these  little  animals  are  possessed  of  organised 
parts,  such  as  a  heart,  stomach,  muscles,  veins,  arteries,  &c.,  and 
that  they  are  possessed  of  a  complete  system  of  circulating  fluids, 
similar  to  what  is  found  in  larger  animals,  we  seem  to  approach 
to  an  idea  of  the  infinite  divisibility  of  matter.  It  has,  indeed, 
been  calculated  that  a  particle  of  blood  of  one  of  these  animal- 
culse  is  as  much  smaller  than  a  globe  one  tenth  of  an  inch  in 
diameter,  as  that  globe  is  smaller  than  the  whole  earth. 

A  small  lump  of  sugar  will  impart  a  perceptible  sweetness  to 
a  half-pint  of  tea,  which  contains  about  30,000  drops.  A  needle 
point  may  be  wetted  by  contact  with  one  of  these  drops,  and 
the  drop  will  lose  no  apparent  amount  of  liquid.  How  incon- ' 
ceivably  small,  then,  must  be  the  quantity  of  sugar  contained 
in  this  minute  quantity  of  tea. 

I  might  enumerate  many  other  instances  of  the  same  kind ; 
but  these,  I  doubt  not,  will  be  sufficient  to  convince  you  into 
what  very  minute  parts  matter  is  capable  of  being  divided. 

A  late  account,  however,  of  animalculse,  observed  by  Captain, 
now  Key.  Dr.  Scoresby,  in  the  Greenland  seas,  is  so  much  to 
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tmr  purpose,  that  I  shall  rqieat  it  to  joa  before  we  terminate 
our  present  conversation. 

In  July,  1818,  while  in  those  northern  seas,  Dr.  Scoresbj's 
ressd  sailed  for  several  leagues  in  water  of  a  very  uncommon 
appearance^  The  surface  was  variegated  bj  large  patches,  and 
extensive  streaks  of  a  yellowish  green  colour.  The  colouring 
matter  being  found  to  be  superficial,  it  was  soon  ascertained 
that  it  was  constituted  of  animalcuke ;  and  powerful  microscopes 
were  applied  to  their  examination.  In  a  single  drop  of  water 
examined  bj  a  power  of  28,224  (magnified  superficies),  there 
were  SO  in  numoer  on  an  average,  in  each  square  of  the  micro- 
meter glass  of  T^T^th  of  an  inch  in  diameter ;  and  as  the  drop 
occupied  a  circle  on  a  plate  of  glass  containing  529  of  these 
squares,  there  must  have  been  in  this  single  drop  of  water,  taken 
at  random  out  of  the  sea,  and  in  a  place  by  no  means  the  most 
discoloured,  about  26,450  animalculae.  Hence,  reckoning  60 
drops  to  a  drachm,  there  would  be  a  number  in  a  gallon  of 
water  exceeding  by  one  half  the  amount  of  the  population  of 
the  whole  terraqueous  globe.  How  inconceivably  mmute  must 
the  vessels,  organs,  and  fluids  of  these  animals  be  I  The  dia- 
meter of  sevend  of  these  animalculae  did  not  exceed  the  4000th 
part  of  an  inch.  A  whale  requires  a  sea  to  sport  in :  a  hundred 
and  fifty  mUlunu  of  these  wautd  have  ample  scope  for  their  evolu' 
tUfUM  in  a  tumbler  of  water, 

E,  I  think  I  now  have  a  clear  idea,  papa,  of  infinite  divisibility 
of  matter. 

F,  Do  not  be  too.  sure,  dear  girl ;  for  this  is  one  of  the  sub- 
jects on  which  our  ideas  can' never  be  clear;  they  are  very  in- 
distinct :  some  of  the  deepest  thinkers  have  been  obliged  to 
betttate  on  this  subject. 

CONVERSATION  HI. 
Of  the  Attraction  of  Cohesion. 

F,  Well,  my  dear  children,  do  you  comprehend  the  several 
instances  which  I  enumerated  as  examples  of  the  minute  division 
of  matter  ? 

E.  Indeed,  they  very  much  excited  our  wonder  and  admira- 
tion ;  and  yet,  from  the  thinness  of  some  leaf-gold  which  I  once 
had,  I  can  readily  admit  all  you  have  said  on  that  part  of  the 
subject.  But  I  know  not  how  to  conceive  of  such  small  animals 
as  you  described ;  and  I  am  still  more  puzzled  in  imagining, 
that  animals  so  minute  actually  possess  all  the  properties  of  the 
larger  ones,  such  as  a  heart,  veins,  blood,  &c. 


ATTRACTION  OF  COHESION.  7 

F.  I  can,  on  the  next  bright  morning,  by.  the  help  of  the 
solar  microscope,  show  you  very  distinctly  the  circulation  of 
the  blood  in  a  flea,  which  you  may  get  from  your  little  dog ; 
and  with  better  microscopes  than  those  of  which  I  am  possessed, 
the  same  might  (be  shown  in  animals  still  smaller  than  the  flea ; 
perhaps,  even  in  those  which  are  themselves  invisible  to  the 
naked  eye.  But  we  shall  converse  more  at  large  on  this  topic, 
when  we  are  conversing  upon  Optics  and  the  construction  and 
uses  of  the  Oxy-hydrogen  Microscope.  At  present  we  will  turn 
our  thoughts  to  that  principle  in  nature,  which  philosophers 
have  agreed  to  call  Attraction. 

I  <  C  K  there  be  no  more  difficulties  in  philosophy  than  we  met 
with  in  our  last  lecture,  I  do  not  fear  but  that  we  shall,  in 
general,  be  able  to  understand  it  ?  Are  there  not  several  kmds 
of  attraction  ? 

F,  Yes,  there  are ;  two  of  which  it  will  be  sufficient  for  our 
present  purpose  to  describe :  the  one  is  the  attraction  of  cohesion ; 
and  the  other  that  of  gravitation.  The  attraction  of  cohesion  is 
that  power  which  keeps  the  parts  of  bodies  together  when  they 
touch,  and  prevents  them  from  separating,  or  which  inclines  the 
parts  of  bodies  to  imite,  when  they  are  placed  sufficiently  near 
to  each  other. 

C,  Is  it  then  by  the  attraction  of  cohesion  that  the  parts  of 
this  table,  or  of  the  penknife,  are  kept  together  ? 

jP.  Certainly ;  but  you  might  have  said  the  same  of  every 
other  solid  substance  in  the  room ;  and  it  is  in  proportion  to 
the  different  degrees  of  attraction,  with  which  different  sub- 
stances are  affected,  that  some  bodies  are  hard,  others  soft, 
tough,  &c.  M.  Musschenbroek,  a  philosopher  in  Holland,  almost 
a  century  ago,  took  great  pains  in  ascertaining  the  different 
degrees  of  cohesion,  which  belonged  to  yarious  kinds  of  wood, 
metals,  and  many  other  substances.  A  short  account  of  his  ex- 
periments you  will  hereafter  find  in  your  own  language,  in  En- 
field*s  Institutes  of  Natural  Philosophy :  other  experiments  by 
M.  Girard,  and  Mr.  P.  Barlow,  will  also  deserve  your  attention. 

C  You  once  showed  me  that  two  leaden  bullets,  having  their 
surfaces  scraped  clean,  might  be  made,  with  a  sort  of  twisting 
pressure,  to  stick  together  with  great  force ;  you  called  that,  I 
Delieve,  the  attraction  of  cohesion  ? 

F,  1  did:  though  it  is  not  unusual  to  distinguish  between 
adhesion  and  cohesion.  The  particles  of  the  same  body  cohere ; 
contiguous  surfaces  of  different  bodies  adhere.  Some  philoso- 
phers, who  have  made  the  experiment  with  great  attention  and 
accuracy,  assert,  that  if  the  flat  surfaces,  which  are  presented  to 
one  another,  be  but  a  quarter  of  an  inch  in  diameter  and  scraped 

B  4 
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very  smooth,  and  forcibly  pressed  together  with  a  twist,  a  weight 
of  a  hundred  pounds  is  frequently  required  to  separate  them. 

As  it  is  by  this  kind  of  attraction  that  the  parts  of  solid 
bodies  are  kept  together,  so  when  any  substance  is  separated  or 
broken,  it  is  only  the  attraction  of  cohesion  that  is  orercome  in 
that  particular  part. 

J5,  Then^  when  I  had  the  misfortune  this  morning,  at  break- 
fast, to  let  my  saucer  slip  from  my  hands,  by  which  it  was 
broken  into  several  pieces,  was  it  only  the  attraction  of  cohesion 
that  was  overcome  oy  the  parts  of  the  saucer  being  separated 
as  it  struck  the  ground  ? 

F.  Just  so ;  for  whether  you  unluckily  break  the  china,  or 
cut  a  stick  with  your  knife,  or  melt  lead  over  the  fire,  as  vour 
brother  sometimes  does,  in  order  to  make  plummets ;  these, 
and  a  thousand  other  instances,  which  are  contmually  occurring, 
are  but  examples  in  which  the  cohesion  is  overcome  by  the  fiEm, 
the  knife,  or  the  fire. 

S,  Xhe  broken  saucer  being  highly  valued  by  mamma,  she 
has  taken  the  pains  to  join  it  again  with  whitelead ;  was  this 
performed  by  means  of  the  attraction  of  cohesion  ? 

F.  It  was,  my  dear;  and  hence  you  will  easily  learn  that 
many  operations  in  cookery  are  in  fact  nothing  more  than  dif- 
ferent methods  of  causing  this  attraction  to  take  place.  Thus 
flour,  by  itself,  has  little  or  nothing  of  this  principle;  but  when 
mixed  with  milk,  or  other  liquids,  to  a  proper  consistency,  the 
parts  cohere  strongly;  and  this  cohesion  in  manv  instances 
becomes  still  stronger,  by  means  of  the  heat  applied  to  it  in 
boiling  or  baking. 

C  X  ou  put  me  in  mind  of  the  fable  of  the  man  blowing  hot 
and  cold ;  for  in  the  instance  of  the  lead,  fire  overcomes  the  at- 
traction of  cohesion ;  and  the  same  power,  heat,  when  applied 
to  puddings,  bread,  &o.,  causes  their  parts  to  cohere  more 
powerfully.    How  are  we  to  understand  this  ? 

jP.  I  will  endeavour  to  remove  your  difficulty.  Heat  expands 
all  bodies  without  exception,  as  you  shall  see  before  we  have 
finished  our  lectures.  Now  the  m*e  applied  to  metals  in  order 
to  melt  them,  causes  such  an  expansion,  that  the  particles  are 
thrown  out  of  the  sphere,  or  reach  of  each  other  s  attraction : 
whereas  the  heat  communicated  in  the  operations  of  cookery  is 
sufficient  to  expand  the  particles  of  flour,  but  is  not  enougn  to 
overcome  the  attraction  of  cohesion.  Besides,  the  cook  will 
tell  you,  that  the  heat  of  boiling  would  frequently  disunite  the 
parts  of  which  her  puddings  are  composed,  if  she  did  not  take 
the  precaution  of  inclosing  them  in  a  cloth,  leaving  them  just 
room  enough  to  expand  without  the  liberty  of  oreaking  to 
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1>ieces ;  and  the  moment  they  are  taken  from  the  water  they 
ose  their  superabundant  heat  and  become  solid. 

JE.  When  the  cook  makes  broth  for  mj  little  brother,  it  is 
the  heat,  then,  which  overcomes  the  attraction  which  the  par- 
ticles of  meat  have  for  each  other ;  for  I  have  seen  her  pour  off 
the  broth,  and  the  meat  is  all  in  rags.  But  will  not  Uie  heat 
overcome  the  attraction  which  the  parts  of  the  bones  have  for 
each  other  ? 

jF,  The  heat  of  boiling  water  will  never  effect  this ;  but  a 
machine  was  invented  several  years  ago,  by  Mr.  Pilpin,  for  that 
pur^se.  It  is  called  Papin*s  Digester,  and  is  used  in  taverns, 
and  in  many  private  families,  for  the  purpose  of  dissolving  bones 
as  completely  as  a  lesser  degree  of  heat  will  liquefy  jelly.  On 
some  future  day  I  will  show  you  an  engraving  of  tnis  machine, 
and  explain  its  different  parts,  which  are  extremely  simple.* 


CONVERSATION  IV. 
Of  the  Attraction  of  Cohesion, 

F.  I  will  now  mention  some  other  instances  of  the  great  law  of 
adhesive  or  cohesive  attraction,  which  occupied  our  thoughts  in 
our  last  conversation.  If  two  polished  plates  of  marble,  or  brass, 
be  put  together,  with  a  little  ou  between  them  to  fill  up  the  pores 
of  their  surfaces,  they  will  cohere  so  powerfully  as  to  require  a 
very  considerable  force  to  separate  them. — Two  globules  of 
quicksilver,  placed  very  near  to  each  other,  will  run  together 
and  form  one  large  drop. — Drops  of  water  will  do  the  same. — 
Two  circular  pieces  of  cork  placed  upon  water  at  about  an  inch 
distant  will  run  together. — ^Balance  a  piece  of  smooth  board  on 
the  end  of  a  scale-beam ;  then  let  it  lie  flat  on  water,  and  five  or 
six  times  its  own  weight  will  be  required  to  separate  it  from  the 
water .-^If  a  small  globule  of  quicksilver  be  laid  on  clean  paper, 
and  a  piece  of  ^lass  be  brought  into  contact  with  it,  the  mercury 
will  adnere  to  it,  and  be  drawn  away  from  the  paper.  But  bring 
a  lareer  globule  into  contact  with  the  smaller  one,  and  it  will 
forsake  the  glass,  and  unite  with  the  other  quicksilver. 

C*  Is  it  not  by  means  of  the  attraction  of  cohesion,  that  the 
little  tea  which  is  generally  left  at  the  bottom  of  the  cup  instantly 
ascends  in  the  sugar  when  thrown  into  it  ? 

JF.  The  ascent  of  water  or  other  liquids  in  sugar,  sponge,  and 
all  porous  bodies,  is  a  species  of  this  attraction,  and  is  called  ca^ 
piUariff  attraction;  it  is  thus  denominated  from  the  property 

«  See  FneumaticB,  ConTenation  XVm. 

t  From  capUlWt  the  LaUn  word  for  hair,    j  -     -• 
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wbich  tubes  of »  Terj small  bore,  Karcelji  larger  tb an  ahair,  have 
of  cauung  water  to  stand  above  its  level. 

C.  I»  this  propertj  visible  in  no  other  tubes  tbao  those,  the 
bores  of  whicn  are  so  exceedingly  fine  F 

F.  Yes,  it  is  verj  apparent  in  lubes  whose  diameters  are  one 
tenth  of  an  inch  or  more,  but  the  smaller  the  bore,  the  higher 
the  fluid  rises ;  for  it  ascends,  in  all  instances,  till  the  weiaht  of 
the  column  of  water  in  the  tube  balances,  or  is  equal  to,  tue  at- 
traction of  the  tube,  fij  immersing  tubes  of  different  bores  in 
a  vessel  of  coloured  water,  yon  will  see  how  die  water  rises 
much  higher  in  the  smaller  tubes  than  in  the  larger.  The  water 
will  rise  a  quarter  of  on  inch,  and  there  remain  suspended,  in  a 
tube  whose  bore  is  about  one  eighth  of  an  inch  in  iTiameter. 
This  kind  of  attraction  is  well  illustrated  bj  taking  two  pieces 
of  glass  joined  together  at  the  side  b  c, 
and  kept  alittle  open  at  the  opposite  ude 
A  D,  by  a  small  piece  of  cork  b.  In  this 
position,  im  merse  them  in  a  dish  of  coloured 
water  r  □,  and  you  will  observe  that  the 
attraction  of  the  glass  at,  and  near  b  c,  will 
cause  the  fluid  to  ascend  to  b  ;  whereas 
ijt  about  the  parts  d  it  scarcely  rises  above 
I  the  level  of  the  water  in  the  vessel. 
C  I  see  that  a  curve  is  formed  by  the 
Fl». ».  water. 

F.  There  is ;  and  to  this  curve,  called  a 
hyperbole,  belong  many  curious  properties,  as  you  will  hereafter 
be  able  to  investigate  for  yourself. 

E,  Is  it  not  upon  the  principle  of  the  attractjon  of  cohesion 
tliat  carpenters  eWe  their  work  together  ? 

F.  It  IS  upon  wis  principle  that  carpenters  and  cabinet-makers 
make  use  of  glue ;  that  braziers,  tinmen,  plumbers,  &c.,  solder 
their  metals;  and  that  smiths  unite  diflerent  bars  of  iron  by  meani 
of  heat.  These  and  a  tliousand  other  operations,  which  we  con- 
tinually witness,  depend  on  the  same  principle  as  that  which  in- 
duced your  mother  to  use  the  whitelead  in  mending  her  saucer. 
But,  by  the  by,  though  whitelead  is  frequently  used  as  a  cement 
for  broken  china,  ^lass,  and  earthenware,  yet,  if  the  vessels  are 
to  be  brought  again  into  u^,  it  is  not  a  proper  cement,  being  an 
active  poison  ;  besidea,  one  much  stronger  bas  been  discovered, 
I  believe,  by  a  very  able  and  ingenious  philosopher,  the  late  Dr. 
Ingenhouz  ;  at  least  I  had  it  from  him  several  years  aeo :  it 
consists  Nmplyof  a  mixture  of  quicklime  and  Gloucester  cheese, 
rendered  soft  by  warm  water,  and  worked  np  to  a  proper  con- 
■iitency. 
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JET.  What !  do  such  great  philosophers,  as  I  have  heard  jou  say 
Dr.  Ingenhouz  was,  attend  to  sucn  trifling  things  as  these  ? 

F,  He  was  a  man  deeply  skilled  in  many  branches  of  science ; 
and  I  hope  that  you  and  your  brother  will  one  day  make  your- 
selves acquainted  with  many  of  his  important  discoveries.  But 
no  real  philosopher  will  consider  it  beneath  his  attention  to  add 
to  the  conveniences  of  life. 

C  This  attraction  of  cohesion  seems  to  pervade  the  whole  of 
nature. 

F,  It  does,  but  you  will  not  forget  that  it  acts  only  at  very 
small  distances.  Some  bodies  indeed  appear  to  possess  a  power 
the  reverse  of  the  attraction  of  cohesion. 

E.  What  is  that  ? 

JP.  It  is  called  repulsion. — ^Thus  water  repels  most  bodies  till 
they  are  wet.  A  small  needle  carefully  placed  on  water  will 
swim,  although  the  iron  of  which  it  is  made  is  much  heavier  than 
water :  flies  walk  upon  water  without  wetting  their  feet.  The 
drops  of  dew  which  appear  in  a  morning  on  plants,  particu- 
larly on  cabbage  plants,  assume  a  globular  form,  from  the 
mutual  attraction  between  the  water :  and  upon  examination  it 
will  be  found  that  the  drops  do  not  touch  the  leaves,  for  they 
will  roll  off  in  compact  bodies,  which  could  not  be  tiic  case  if 
there  subsisted  any  degree  of  attraction  between  the  water  and 
the  leaf. 

If  a  small  thin  piece  of  iron  were  laid  upon  quicksilver,  the 
repulsion  between  the  different  metals  will  cause  the  surface  of 
the  quicksilver  near  the  iron  to  be  depressed. 

The  repelling  force  of  the  particles  of  a  fluid  is  but  small ; 
therefore  if  a  fluid  be  divided  it  easily  unites  again.  But  if  a 
glass  or  any  hard  substance  be  broken,  the  parts  cannot  be  made 
to  cohere  without  first  being  moistened,  because  the  repulsion  is 
too  great  to  admit  of  a  reunion. 

The  repelling  force  between  water  and  oil,  is  likewise  so  great 
that  it  is  impossible  to  mix  them  in  such  a  manner  that  they  shall 
not  separate  asain. 

If  a  ball  of  light  wood  be  dipped  in  oil,  and  then  put  into 
water,  the  water  will  recede  so  as  to  form  a  sort  of  channel  round 
the  ball. 

C  Why  do  cane,  steel,  and  many  other  things,  bear  to  be  bent 
without  breaking,  and,  when  set  at  liberty,  recover  their  original 
form? 

J^.  That  a  piece  of  thin  steel,  or  cane,  recovers  its  usual  form 
after  being  bent,  is  owing  to  a  certain  power  called  elasticity ; 
which  may  perhaps  arise  from  the  particles  of  those  bodies, 
though  disturbed,  not  being  drawn  out  of  each  other^s  attraction ; 
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therefore,  as  soon  as  the  force  upon  them  ceases  to  act,  they 
restore  themselyes  to  their  former  position. — But  our  half-hour 
is  expired ;  I  must  leave  jou. 


CONVERSATION  V. 
Of  ike  Attractian  of  GravUatUnL 

F.  We  will  nov  proceed  to  discuss  another  very  important 
general  principle  in  nature ;  the  attraction  of  gravitation  or,  as  it  is 
firec^uently  termed,  gravity^  which  is  that  power  by  which  distant 
bodies  tend  towards  each  other.  Of  this  we  have  perpetual  in- 
stances in  the  falling  of  bodies  to  the  earth. 

C  Am  I  then  to  understand  that  whether  this  marble  falls 
from  my  hand ;  or  a  loose  brick  from  the  top  of  the  house ;  or 
an  apple  fro  n  the  tree  in  the  orchard,  that  all  these  happen  by 
the  attraction  of  gravity  ? 

F.  It  is  by  the  power  which  is  commonly  expressed  under 
the  term  gravity^  that  all  bodies  whatever  have  a  tendency  to 
the  earth,  and,  unless  supported,  will  fall  In  lines  nearly  perpen- 
dicular to  its  surface,  lliis  tendency  or  disposition  to  fall  re- 
presents the  weight.  But  gravitjr  and  weight  do  not  mean 
precisely  the  same  thing :  gravity  is  the  weight  of  a  given  bulk 
of  one  body,  compared  with  the  weight  of  a  given  bulk  of 
another ;  weight  is  the  actual  weight,  without  comparison  with 
another  body. 

E.  But  are  not  smoke,  vapour,  and  other  light  bodies  which  we 
see  ascend,  exceptions  to  the  general  rule  ? 

F,  It  appears  so  at  first  sight ;  and  it  was  formerly  received  as 
a  general  opinion,  that  smoke,  vapour,  &c.  possessed  no  weight : 
the  invention  of  the  air-pump  has  shown  the  fallacy  of  this  notion ; 
for  in  an  exhausted  receiver,  that  is,  in  a  glass  jar  from  which  the 
air  is  taken  away  by  means  of  the  air-pump,  smoke  and  vapour 
descend  by  their  own  weight  as  completely  as  a  piece  of  lead. 
When  we  come  to  converse  on  the  subject  of  Pneumatics  and 
Hydrostatics,  you  will  understand  that  the  reason  why  smoke  and 
other  bodies  ascend  is  simply  because  they  are  lighter  than  the 
atmosphere  which  surrounds  them,  and  the  moment  they  reach 
that  part  of  it  which  has  the  same  gravity  with  themselves  they 
cease  to  rise. 

C  Is  it  then  by  this  power  that  all  terrestrial  bodies  remain  firm 
on  the  earth  ? 

F.  By  gravity,  bodies  on  all  parts  of  the  earth  (which  you  know 
is  of  a  globular  form)  are  kept  on  its  surface  because  they  all, 
wherever  situated,  tend  to  the  centre ;  and,  since  all  have  a 
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tendency  to  the  centre,  the  inhabitants  of  New  Zealand,  although 
nearly  opposite  to  our  feet,  stand  as  firmly  as  we  do  in  Great 
Britain. 

C,  This  isNlifficult  to  comprehend :  nevertheless,  if  bodies  on 
all  parts  of  the  surface  of  the  earth  have  a  tendency  to  the  centre, 
there  seems  no  reason  why  bodies  should  not  stand  firm  on  one 
part  as  well  as  another.  Does  this  power  of  gravity  act  alike  on 
all  bodies  ? 

J^.  It  does,  without  any  regard  to  their  figure  or  size ;  for  at* 
traction  or  gravity  acts  upon  bodies  in  proportion  to  the  quantity 
of  matter  which  they  contain,  that  is,  four  times  a  greater  force 
of  gravity  is  exerted  upon  a  body  weighing  four  pounds,  than 
upon  one  of  a  single  pound.  The  consequence  of  this  principle 
is,  that  all  bodies  at  equal  distances  from  the  earth  fall  with 
equal  velocity. 

E,  What  do  you  mean,  papa,  by  velocity  f 

F.  I  will  explain  it  by  an  example  or  two :  if  you  and  Charles 
set  out  together,  and  you  walk  a  mile  in  half  an  hour,  but  he 
walk  or  run  two  miles  in  the  same  time,  how  much  more  swiftly 
will  he  go  than  you  ? 

E,  Twice  as  swiftly. 

J^.  He  does,  because,  in  the  same  time,  he  passes  over  twice 
as  much  space ;  therefore  we  say  his  velocity  is  twice  as  great 
as  yours.  Suppose  a  ball,  fired  from  a  cannon,  pass  through 
800  feet  in  a  second  of  time ;  and  if,  in  the  same  time,  your 
brother's  arrow  pass  through  100  feet  only,  how  much  more 
swiftly  does  the  cannon  ball  fiy  than  the  arrow  ? 

E,  Eight  times  swifter. 

F.  Then  it  has  eight  times  the  velocity  of  the  arrow ;  and 
hence  you  understand  that  swiftness  and  velocity  are  synony- 
mous terms,  and  that  the  velocitjr  of  a  body  is  measured  by  the 
space  it  passes  over  in  a  given  time,  as  a  second,  a  minute,  an 
hour,  &c. 

E.  Jfl  let  a  piece  of  metal,  as  a  penny-piece,  and  a  feather, 
fall  from  my  hand  at  the  same  time,  the  penny  will  reach  the 
ground  much  sooner  than  the  feather.  Now  how  do  you  ac- 
count for  this,  if  all  bodies  are  equally  affected  by  gravitation, 
and  descend  with  equal  velocities,  when  at  the  same  distance 
from  the  earth  ? 

F,  Though  the  penny  and  feather  will  not,  in  the  open  air, 
fall  with  equal  velocity,  yet,  if  the  air  be  taken  away,  which  is 
easily  done  by  a  little  apparatus  connected  with  the  air-pump, 
they  will  descend  in  the  same  time.  Therefore  the  true  reason 
why  light  and  heavy  bodies  do  not  fall  with  equal  velocities  is, 
that  the  former  in  proportion  to  its  weight,  meets  with  a  much 
greater  resistance  from  the  air  than  the  latter. 
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C.  It  is  then,  I  imagine,  from  the  same  cause,  that  if  I  drop 
the  penny  and  a  piece  of  light  wood  into  a  vessel  of  water,  the 
penny  shall  reach  the  bottom,  but  the  wood,  afler  descending  a 
small  way,  rises  to  the  surface.  # 

J^.  In  this  case  the  resisting  medium  is  water  instead  of  air, 
and  the  copper,  being  about  nine  times  heavier  than  its  bulk  of 
water,  falls  to  the  bottom  with  but  little  apparent  resistance. 
But  the  wood,  being  much  lighter  than  water,  cannot  sink  in 
it ;  therefore,  though  by  its  momentum*  \t  sinks  a  small  distance, 
yet  as  soon  as  that  is  overcome  by  the  resisting  medium,  that  is, 
the  water,  it  rises  to  the  surface,  being  the  lifter  substance. 


CONVERSATION  VI. 
Of  the  Attraction  of  Gravitation. 

E,  The  term  momentum  which  you  made  use  of  yesterday,  is 
another  which  I  do  not  as  yet  understand. 

F.  If  you  have  understood  what  I  have  said  respecting  the 
velocity  of  moving  bodies,  you  will  easily  comprehend  what  is 
meant  by  the  word  momentum. 

The  momentum^  or  moving  force  of  a  body,  is  measured  by  its 
weight  multiplied  by  its  velocity.  You  may,  for  instance,  place 
this  pound  weight  upon  a  china  plate  without  any  danger  of 
breaking,  but  if  you  let  it  fall  from  the  height  of  only  a  few 
inches,  it  will  dash  the  china  to  pieces.  In  the  first  case,  the 
plate  has  only  the  pound  weight  to  sustain ;  in  the  other,  the 
weight  must  be  multiplied  by  the  velocity  it  has  acquired 
during  its  fall. 
If  a  ball  a,  lean  against  the  obstacle  &,  it  will  not  be  able  to 

overturn  it,  -but  if  it  be  taken  up 

to  c,  and  suffered  to  roll  down  the 

inclined  plane,  a  b,  against  &,  it 

may  probably  overthrow  it ;  in  the 

3  former  case  o  would  only  have  to 

Fig-  6.  resist  the  weight  of  the  ball  a;  in 

the  latter  it  has  to  resist  the  weight  multiphed  by  its  motion  or 

velocity. 

C  Then  the  momentum'of  a  small  body,  whose  velocity  is 
very  great,  may  be  equal  to  that  of  a  very  large  body  with  a 
slow  velocity. 

F,  It  may ;  and  hence  you  see  the  reason  why  immense  bat- 
tering-rams, used  by  the  ancients,  in  the  art  of  war,  have  given 
place  to  cannon-balls  of  but  a  few  pounds*  weight. 

•  The  estplaiuitioa  of  tiiif  tenn  will  be  found  in  the  next  GonTexMtt<m. 
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C  I  do ;  for  what  is  wanting  in  weight  is  made  up  by  velocity. 

F,  Can  you  tell  me  what  velocity  a  cannon-ball  of  28  pounds 
must  have  to  effect  the  same  purposes  as  would  be  produced  by 
a  battering-ram  of  15,000  pounds  weight,  and  which,  by  manuu 
strength,  could  be  ^moved  at  the  rate  of  only  two  feet  in  a 
second  of  time  ? 

C  I  think  I  can :  the  momentum  of  the  battering-ram  must 
be  estimated  by  its  weight,  multiplied  into  the  space  passed 
over  in  a  second,  which  is  15,000  multiplied  by  two  feet,  equal 
to  30,000 ;  now  if  this  momentum,  whicn  must  also  be  that  of 
the  cannon-ball,  be  divided  by  the  weight  of  the  ball,  it  will 
give  the  velocity  required ;  and  30,000  divided  by  28  will  be 
for  the  quotient  1072  nearly,  which  is  the  number  of  feet  the 
cannon-ball  must  pass  over  in  a  second  of  time,  in  order  that  the 
momenta  of  the  battering-ram  and  the  ball  may  be  equal,  or,  in 
other  words,  that  they  may  have  the  same  effect  m  beati&g 
down  an.  enemy^s  wall. 

JE,  I  now  fully  comprehend  what  the  momentum  of  a  body 
is ;  for  if  I  let  a  common  trap-ball  accidentally  fall  from  my 
hand  upon  my  foot,  it  occasions  more  pain  than  the  mere  pres- 
sure of  a  weight  several  times  heavier  than  the  ball. 

C.  K  the  attraction  of  gravitation  be  a  power  by  which  bodies 
in  general  tend  towards  each  other,  why  do  all  bodies  tend  to 
the  earth  as  a  centre  ? 

F.  I  have  already  told  you,  that,  by  the  great  law  of  gravita- 
tion, the  attraction  of  all  bodies  is  in  proportion  to  the  quantity 
of  matter  which  they  contain.  Now  the  earth  being  so  im- 
mensely large  in  comparison  of  all  other  substances  in  its  vicinity, 
destroys  the  effect  of  this  attraction  between  smaller  bodies,  by 
bringing  them  all  to  itself. — If  two  balls  are  let  fall  from  a  high 
tower  at  a  small  distance  apart,  though  they  have  an  attraction 
for  one  another,  yet  it  will  be  as  nothing  when  compared  with 
the  attraction  by  which  they  are  both  impelled  to  the  earth,  and 
consequently  the  tendency  which  they  mutually  have  of  ap- 
proaching one  another  will  not  be  perceived  in  the  fall.  If, 
nowever,  any  two  bodies  were  placed  in  free  space,  and  out  of 
the  sphere  of  the  earth's  attraction,  they  would,  in  that  case,  as- 
suredly approach  each  other,  and  that  with  increased  velocity 
as  they  came  nearer.  Indeed,  it  has  been  found  that  a  plumb- 
line  held  near  a  perpendicular  mountain  deviates  from  a  vertical 
direction,  by  the  attraction  of  the  mountidn  for  the  weight. 

C.  According  to  this,  the  earth  ought  to  move  towarcb  falling 
bodies,  as  well  as  they  move  to  it. 

F,  It  ought,  and  in  just  theory,  it  does ;  but  when  you  cal- 
culate how  many  million  of  times  larger  the  earth  is  than  any- 
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thing  belonging  to  it,  and  if  jou  reckon,  at  the  same  time,  the 
smaU  distances  from  which  bodies  can  fall,  you  will  know  that 
the  point  where  the  £Uling  bodies  and  earth  will  meet,  is  removed 
only  to  an  indefinitely  small  distance  from  its  surface,  a  distance 
much  too  small  to  be  conceived  by  the  human  imagination. 

As  all  bodies  on  or  near  the  earth  tend  to  the  centre  of  that 
body,  so  the  earth,  and  all  the  planets,  with  their  several  moons, 
as  we  shall  see  by  and  by,  tend  to  the  sun^  as  the  body  to  which 
the  whole  and  every  part  of  the  solar  system  is  attracted. 

We  will  resume  the  subject  of  gravity  to-morrow. 


CONVERSATION  VH. 
Of  the  Attraction  of  Gravitation, 

'  E.  Has  the  attraction  of  gravitation  the  same  effect  on  all 
bodies,  whatever  be  their  distance  from  the  earth  ? 

F.  No ;  this,  like  every  power  which  proceeds  from  a  centre, 
decreases  as  the  squares  of  the  distances  from  that  centre 
increase. 

JE.  I  fear  that  I  shall  not  understand  this,  tmless  you  illusr 
trate  it  by  examples. 

J^.  Suppose  you  are  reading  at  the  distance  of  one  foot  from 
a  candle,  and  that  you  receive  a  certain  quantity  of  light  on 
your  book :  now  if  you  remove  to  the  distance  of  two  feet  from 
the  candle,  you  will,  by  a  similar  law,  receive  four  times  less 
light  than  you  had  before;  here,  then,  though  you  have  increased 
your  distance  but  twofold,  yet  the  light  is  diminished  fourfold, 
because  four  is  the  square  of  two,  or  two  multiplied  by  itself. 
If^  instead  of  removing  two  feet  from  the  candle,  you  take  your 
station  at  3, 4, 5,  or  6  feet  distance,  you  will  then  receive  at  the 
different  distances,  9,  16,  25,  36  times  less  light  than  when  you 
were  within  a  single  foot  from  the  candle,  for  Qiese,  as  you  know, 
are  the  squares  of  the  niunbers  3, 4, 5,  and  6.  The  same  is  ap- 
plicable to  the  heat  imparted  by  a  fire ;  at  the  distance  of  one 
yard  from  which  a  person  will  enjoy  four  times  as  much  heat  as 
ne  who  sits  or  stands  two  yards  from  it ;  and  nine4imes  as  much 
as  one  who  ^ould  be  removed  to  the  distance  of  three  yards. 

C,  Is  then  the  attraction  of  gravity  four  times  less  at  a  yard 
distance  from  the  earth,  than  it  is  at  the  surface? 

F.  No ;  whatever  be  the  cause  of  attraction,  which  to  this  day 
remains  undiscovered,  it  is  so  adjusted  under  the  surface  as 
though  it  acted  from  the  centre  of  the  earth,  and  not  from  its 
surface,  and  hence  the  difference  of  the  power  of  gravity  can 
scarcely  be  discerned  at  the  small  distances  to  which  we  have 
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access ;  for  a  mile  or  two,  which  is  much  higher  than,  in  general, 
we  have  opportunities  of  making  experiments,  is  very  little  in 
comparison  of  4000  miles,  the  distance  of  the  centre  from  the 
surface  of  the  earth :  and  the  s(][uares  of  4000  and  4002  differ 
still  less  when  compared  with  either  square.  But  could  we 
ascend  4000  miles  above  the  earth,  and  of  course  be  double  the 
distance  that  we  now  are  from  the  centre,  we  should  there  find 
that  the  attractive  force  would  be  but  one  fourth  of  what  it  is 
here ;  or,  in  other  words,  that  a  body  which,.at  the  surface  of 
the  earth,  weighs  one  pound,  and  by  the  force  of  gravity  falls 
through  sixteen  feet  in  a  second  of  time,  would,  at  4000  miles 
above  the  earth,  weigh  but  a  quarter  of  a  pound,  and  fall  through 
only  four  feet  in  a  second.* 

JE,  How  is  that  known,  papa ;  for  nobody  ever  was  there  ? 

F.  Tou  are  right,  my  dear ;  for  the  greatest  height  that  has 
been  attained  by  the  most  darii^  voyagers  in  a  baUoon,  is  no- 
thing in  comparison  with  this.  However,  I  will  try  to  explain 
in  what  manner  philosophers  have  come  by  their  knowledge  on 
this  subject. 

The  moon  is  a  heavy  body  connected  with  the  earth  by  this 
bond  of  attraction ;  and,  by  the  most  accurate  observations,  it 
is  known  to  be  obedient  to  the  same  laws  as  other  heavy  bodies 
are :  its  distance  is  also  clearly  ascertained,  being  about  240,000 
miles,  or  equal  to  about  sixty  semi-diameters  of  the  earth,  and 
of  course  the  earth^s  attraction  upon  the  moon  ought  to  diminish 
in  the  proportion  of  the  square  of  this  distance ;  that  is,  it  ought 
to  be  60  times  60,  or  3600  times  less  at  the  moon  than  it  is  at 
the  surface  of  the  earth.  And  this  is  actually  the  case :  it  is 
proved  by  a  certain  deviation  in  the  moon^s  course,  which  you 
will  comprehend  better  when  you  become  acquainted  with  as*> 
tronomy. 

Again,  the  earth  is  not  a  perfect  sphere,  but  a  spheroid,  that 
18,  rather  fiat  at  the  two  ends  called  the  poles,  and  the  distance 
from  the  centre  to  the  poles  is  about  12  or  13  miles  less  than  its 
distance  from  the  centre  to  the  equator ;  consequently  bodies 
ought  to  be  something  heavier  at  and  near  the  poles  than  they 
are  at  the  equator,  which  is  also  found  to  be  the  case.  Hence  it 
is  inferred  that  the  attraction  of  gravitation  varies  at  all  dis- 
t-ances  from  the  centre  of  the  earth,  in  proportion  as  the  squares 
of  those  dbtances  increase.f 

•  Ex.  Suppow  it  were  reqnired  to  find  the  weight  of  a  leaden  ball,  at  the  top  of  a 
mountain  three  milea  high,  which  on  the  nirfaoe  of  the  earth  weighs  SO  lb.  — 

If  the  lemi-diameter  of  the  earth  be  taken  at  4000,  then  add  to  this  the  height  of  the 
mountain,  and  lay  as  the  square  of  4003  is  to  the  «iuare  of  4000,  so  is  SO  lb.  to  a  flmrth 
moportional :  or  as  IBfiSifiOdt  16,000,000 :  :  SO :  19*97;  or  something  more  than  191b.  ISk  oc. 
which  is  the  weight  of  the  leaden  ball  at  the  top  of  the  mountain. 

t  See  Astronomy,  CouTwrsation  YI. 
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C  It  seems  very  sorprising  that  philosophers,  who  have  dis- 
covered so  many  things,  have  not  been  able  to  find  out  the  cause 
of  gravity.  Had  Sir  Isaac  Newton  been  asked  why  a  marble, 
dropped  from  the  hand,  falls  to  the  ground,  could  he  not  have 
assigned  a  reason  ? 

F.  That  great  man,  probably  the  greatest  man  that  ever 
adorned  this  world,  was  as  modest  as  he  was  great,  and  be 
would  have  told  you  he  knew  not  the  cause. 

The  late  learned  Dr.  Price,  in  a  work  which  he  published 
more  than  forty  years  ago,  asks,  ^  Who  does  not  remember  a 
time  when  he  would  have  wondered  at  the  question,  why  does 
tvater  run  dovon  hiU  f  What  ignorant  man  is  there  who  is  not 
persuaded  that  he  understands  this  perfectly  ?  But  every  tm- 
proved  man  knows  it  to  be  a  question  he  cannot  answer.**  For 
the  descent  of  water,  like  that  of  other  heavy  bodies,  depends 
upon  the  attraction  of  gravitation,  the  cause  of  which  is  stdl  in- 
volved in  darkness. 

E,  You  just  now  said  that  heavy  bodies  by  the  force  of 
gravity  fall  about  sixteen  feet  in  a  second  of  time ;  is  that 
always  the  case  ? 

F.  Yes ;  all  bodies  near  the  surface  of  the  earth  in  our  lati- 
tude fall  at  that  rate  in  the  first  second  of  time ;  but  as  the  attrac- 
tion of  gravitation  is  continually  acting,  so  the  velocity  of  falling 
bodies  is  an  increasing,  or,  as  it  is  usually  called,  an  accelerating 
velocity.  It  is  found  by  verjr  accurate  experiments  that  a 
body  descending  from  a  considerable  height  by  the  force  of 
gravity,  falls  16  feet  in  the  first  second  of  time ;  3  times  16  feet 
m  the  next ;  5  times  1&  feet  in  the  third ;  7  times  16  in  the 
fourth  second  of  time ;  and  so  on,  continually  increasing  ac- 
cording to  the  odd  numbers,  1,  3,  5,  7,  9,  11,  &c.  In  our  lati- 
tude the  true  distance  fallen  in  the  first  second  is  16-^  feet ; 
and  by  reason  of  the  centrifugal  force,  this  space  varies  a  little 
in  different  latitudes.  But  this  is  not  the  proper  time  to  explain 
to  you  these  minutiae. 


CONVERSATION  VHI. 
Of  the  Attraction  of  Gravitation. 

E,  Would  a  ball  of  twenty  pounds  weight  here,  really  weigh 
half  an  ounce  less  on  the  top  of  a  mountain  three  miles  high  r 

F,  Certainly;  but  you  would  not  be  able  to  ascertain  it  bv 
means  of  a  pair  of  scales  and  another  weight,  because  botn 
weights  being  in  similar  situations,  would  lose  equal  portions  of 
their  gravity. 
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JE.  How,  then,  would  joa  miJce  the  experiment  ? 

F,  By  means  of  one  of  those  steel  spiral-spring  instruments 
which  jon  have  seen  occasionally  used,  the  (act  might  be  ascer- 
tained. 

C  I  think,  from  what  you  told  us  yesterday,  that  with,  the 
assistance  of  your  stop-watch,  I  could  tell  the  height  of  any 
place,  by  observing  the  number  of  seconds  that  a  marble  «r 
other  heavy  body  would  take  in  falling  from  that  hel^t. 

P.  How  would  you  perform  the  calculation  ? 

C  I  should  go  through  the  multiplications  according  to  the 
number  of  seconds,  and  then  add  them  together. 

F.  Explain  yourself  more  particularly.  Supposing  you  were 
to  let  a  marble  or  penny-piece  fall  down  that  deep  well  which 
we  saw  in  the  brick-field  near  Ramsgate,  and  that  it  was  ex- 
actly five  seconds  in  the  descent,  what  would  be  the  depth  of 
the  wdl? 

C.  In  the  first  second  it  would  fall  16  feet ;  in  the  next 
3  times  16,  or  48  feet ;  in  the  third  5  times  16,  or  80  feet ;  in 
the  fourth  7  times  16,  or  112  feet;  and  in  the  fifUi  second 
9  times  16,  or  144  feet ;  now  if  I  add  16,  48,  80,  1 12,  and  144 
together,  the  sum  will  be  400  feet,  which,  according  to  your 
rule,  is  the  depth  of  the  welL    But  was  the  well  so  deep  ? 

F,  I  do  not  think  it  was,  but  we  did  not  make  the  experi- 
ment ;  should  we  ever  go  to  that  place  again^  you  may  satisfy 
your  curiosity.  You  recollect  that  at  Dover  Castle  we  were 
told  of  a  wdl  there  360  feet  deep. 

Though  your  calculation  was  accurate,  yet  it  was  not  done 
as  nature  enects  her  operations,  that  is,  in  the  shortest  way. 

C  I  should  be  pleased  to  know  an  easier  method;  this,  how- 
ever, is  very  simple ;  it  required  nothing  but  multiplication 
and  addition. 

F.  True ;  but  suppose  I  had  given  you  an  example  in  which 
the  number  of  seconds  had  been  fifty  instead  of  five,  the  work 
would  probably  have  taken  you  near  an  hour  to  perform  it ; 
whereas  by  the  rule  which  I  am  going  to  give,  it  might  have  been 
done  in  half  a  minute. 

C.  Pray  let  me  have  it;  I  hope  it  will  be  easily  remembered. 

F,  It  will :  I  think  it  cannot  be  forgotten  aflar  it  is  once  un- 
derstood. The  rule  is  this,  "•  the  spaces  described  by  a  bodyfaU' 
ing  freely  from  a  state  of  rest,  increase  as  the  Squabes  of  the  times 
increase"  Consequently  you  have  only  to  square  the  number  of 
seconds,  that  is,  to  multiply  the  number  into  itself,  and  then  mul- 
tiply that  again  by  sixteen  feet,  the  space  which  it  describes  in 
the  first  second,  and  you  have  the  required  answer.  Now  try 
the  example  of  the  weU. 

c  2 
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C.  The  square  of  5,  for  the  time,  is  25,  which,  multiplied  by 
16,  gives  400,  just  as  I  brought  it  out  before.  Now  if  the  seconds 
had  been  50,  the  answer  would  be  50  times  50,  which  is  2500, 
and  this  multiplied  by  16,  gives  40,000  for  the  space  required. 

F,  I  will  now  ask  your  sister  a  question,  to  try  how  she  has 
iinderstood  this  subject.  Suppose  you  observe  by  this  watch 
that  the  time  of  the  flight  of  your  brother's  arrow  is  exactly  six 
seconds,  to  what  height  does  it  rise  ? 

E*  This  is  a  different  question,  because  here  the  ascent  as  well 
as  th^faU  of  the  arrow  is  to  be  considered. 

F,  But  you  will  remember  that  the  time  of  the  ascent  is  al- 
ways equal  to  that  of  the  descent ;  for  as  the  velocity  of  the  de- 
scent is  generated  by  the  force  of  gravity,  so  is  the  velocity  of 
the  ascent  destroyed  by  the  same  force. 

E,  Then  the  arrow  was  three  seconds  only  in  falling ;  now 
the  square  of  three  is  9,  which,  multiplied  by  16,  for  the  number 
of  feet  described  in  the  first  second,  is  equal  to  144  feet,  the 
height  to  which  it  rose. 

F,  Now,  Charles,  if  I  get  you  a  bow  which  will  carry  an  arrow 
so  high  as  to  be  fourteen  seconds  in  its  flight,  can  you  tell  me  the 
height  to  which  it  ascends  ? 

C.  I  can  now  answer  you  without  hesitation :  it  will  be  7  se- 
conds in  falling,  the  square  of  which  is  49,  and  this  again  mul- 
tiplied by  16,  will  give  784  feet,  or  rather  more  than  261  yards, 
for  the  answer. 

F.  If  you  will  now  consider  the  example  which  you  did  the 
long  way,  you  will  see  that  the  rule  which  I  have  given  you 
answers  very  completely.  In  the  1st  second  the  body  fell  16 
feet,  and  in  the  next  48  ;  these  added  together  make  64,  which 
is  the  square  of  the  2  seconds  multiplied  by  16.  The  same  holds 
true  of  the  first  3  seconds,  for  in  the  3d  second  it  fell  80  feet, 
which  added  to  the  64,  give  144,  equal  to  the  square  of  3  mul- 
tiplied by  16.  Again,  in  the  4th  second  it  fell  112  feet,  which 
added  to  144,  give  256,  equal  to  the  square  of  4  multiplied  by 
16  ;  and  in  the  5th  second  it  fell  144  feet,  which  added  to  256, 
give  400,  equal  to  the  sq^uare  of  5  multiplied  by  16.  Thus  you 
will  find  the  rule  hold  in  all  cases,  that  the  space  described  by 
bodies/ailing  freely  from  a  state  of  rest,  increases  as  the  Squares 
of  the  time  increase, 

C.  I  think  I  shall  not  forget  the  rule.  I  will  also  show  my 
cousin  Henry  how  he  may  know  the  height  to  which  his  bow  will 
carry. 

F,  The  surest  way  of  keeping  what  knowledge  we  have  ob- 
tained is  by  communicating  it  to  our  firiends. 

C,  It  is  a  very  pleasant  circumstance,  indeed,  that  the  giving 
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away  is  the  best  method  of  keeping,  for  I  am  sure  the  being  able 
to  oblige  one*s  friends  is  a  most  delightful  thing. 

F,  Your  liberal  sentiments  are  highly  gratifying  to  me ;  fain 
would  I  confirm  them  by  adding  more  to  your  stock  of  know- 
ledge. And,  in  reference  to  the  subject  now  before  us,  it  may 
be  necessary  to  guard  you  against  the  notion,  that  because  the 
spaces  described  by  falling  bodies  are  as  the  squares  of  the  times, 
the  velocities  increase  in  the  same  ratio.  This  is  not  the  case. 
The  velocity  acquired  by  a  body  falling  freely,  at  the  end  of  the 
1st  second  of  its  motion,  is  such  as,  if  it  continued  uniform,  would 
carry  it  over  32  feet  in  the  next  second.  And  in  all  succeeding 
intervals  the  velocities  are  as  the  times :  that  is,  at  the  end  pf  2, 
3,  4,  and  5  seconds,  the  velocities  acquired  will  be  respectively, 
twice,  thrice,  four  times,  and  five  times  32  feet ;  or,  64,  96, 128, 
and  160  feet. 

JE.  Before  we  quit  this  part  of  the  subject,  papa,  let  me  try  if 
I  thoroughly  comprehend  your  meaning.  A  falhng  body  having 
been  in  motion  4  seconds,,  will  have  descended  256  feet,  and  will 
then  have  a  velocity  of  128  feet;  but  the  motion  still  accelerates 
and  causes  the  body  to  pass  over  nine  times  16,  or  144  feet,  in 
the  5th.  second,  making  in  all  400  feet:  it  will  then  have  acquired 
a  velocity  of  5  times  32,  or,  160  feet  in  a  second,  which  if  it  con- 
tinued uniform  for  another  5  seconds,  would  carry  the  body  over 
800  feet,  or  just  ttvice  the  space  described  by  the  body  in  the 
first  5  seconds,  during  which  its  motion  was  equably  accelerated 
by  gravity. 

P.  You  have  convinced  me,  my  dear  Emma,  that  you  have 
most  accurately  caught  the  distinction  I  wished  you  to  under- 
stand. If  you  go  to  the  library,  and  in  Gregory's  '  Mechanics,' 
or  one  of  the  Cyclopaedias,  look  to  the  account  of  Attwood*8 
Machine,  you  will  find  a  description  of  some  curious  experiments 
by  which  the  whole  will  be  rendered  evident  to  your  eye  as  well 
as  to  the  eye  of  the  mind. 


CONVERSATIOJT  IX. 

Of  the  Centre  of  Oravity, 

F,  We  are  now  going  to  treat  upon  the  Centre  of  Gravity, 
which  is  that  point  of  a  body  in  which  its  whole  weight  is,  as  it 
were,  concentrated,  and  upon  which,  if  the  body  be  freely  sus- 
pended, it  will  rest ;  and  m  all  other  positions  the  centre  of 
gravity  will  endeavour  to  descend  to  the  lowest  place  to  which 
It  can  get. 

c  3 
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C.  All  bodies,  then,  of  whaterer  Bhape,  liave  a  centre  of 
graTity? 

F.  They  have :  and  if  you  conceiTe  a  line  drawn  from  tha 
centre  of  );ravitj  of  a  bod  j  towards  tlie  centre  of  the  earth,  that 
line  is  called  the  line  of  direction,  along  which  every  body,  not 
supported,  eodeavoura  to  fall.  If  the  line  of  direction  fallvithin 
the  base,  it  will  stand  ;  if  not,  it  will  fall. 

If  I  place  the  piece  of  wood  a  on  the  edge 
of  a  table,  and  from  a  pin  a  at  its  centre  of 
grarity  hang  a  little  weight  b,  the  line  of  di- 
rection  a  b  hl\s  within  the  base,  and  therefore, 
though  the  wood  leans,  jet  it  stands  secure. 
But  if  upon  A,  another  piece  of  wood  b  he 
placed,  it  is  evident  that  t^ie  centre  of  gravity 
of  the  whole  will  he  now  raised  to  c,  at  which 
point,  if  a  weight  be  hung,  and  it  be  found 
tbat  the  line  of  direction  fidls  outside  the  base, 
the  body  must  fall.  ^i«-  '■ 

E.  I  think  I  now  see  the  reason  of  the  advice  which  you  gare 
me,  when  going  across  the  Thames  in  e.  boat. 

P.  I  told  you  that  if  you  were  overtaken  bj  a  storm  or  a 
squall,  while  on  the  water,  you  must  not  let  your  fears  induce 
—  ■  -  -  ■  ne  from  your  seat ;  because  you  would  thus  elevat«  the 


n  board  lie  on  the  bottom,  the  risk  would  be  diminished,  by 
bringing  the  centre  of  gravity  much  lower. 

E.  Surely  then,  papa,  those  coaches,  whose  tops  are  loaded 
with  a  dozen  or  more  people,  cannot  he  safe  for  the  passengers  ? 

F.  They  are  very  unsafe;  and  that  they  are  not  more  fre- 
quently overturned  is  due  to  the  goad  or  even  roads  of  this 
country ;  a  comer  or  sloping  road  would  throw  the  centre  of 
gravity  beyond  the  base,  and  thej  would  inevitably  fall. 

C.  I  understand  then,  that  the  nearer  the  centre  of  gravi^is 
to  the  base  of  a  body,  the  firmer  it  will  stand  P 

F.  Certainly ;  and  hence  you  see  why  conical  bodies  stand  so 
firmly  on  their  bases,  for  the  tops  being  small  in  comparison  of 
the  lower  parts,  the  centre  of  gravity  is  very  low ;  and  if  the 
cone  be  upright  or  perpendicular,  the  line  of  direction  falls  in 
the  middle  of  the  base,  which  is  another  fundamental  property 
of  steadiness  in  bodies.  For  the  broader  the  base,  and  the  nearer 
the  line  of  direction  is  to  the  middle  of  it,  the  more  firmly  does 
A  body  stand ;  but  if  the  line  of  direcUoD  fall  near  the  edge,  tha 
body  IS  easily  OTerthrowD. 
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a  etsU;  rolled  along  ■ 


C  Is  that  the  leuon  irhj  «  bill  ii 
horizODtal  plane  F 

F.Itie:  for, in  all  ^herical 
bodiej,  the  base  n  but  a  point ; 
consequentlf  the  smallest  force 
b  aumcient  to  remove  the  line 
of  i^TectioD  out  of  it.  Hence, 
heavy  bodies  situated  on  an 
inclined  pluie  irill,  while  the 
line  of  direction  falls  within 
the  base,  slide  down  upon  the 
plane:  but  thejwill  roll  when 
that  line  falls  without  the  base,  i 
The  body  a  will  slide  down  ' 
the  plane  s  n,  bnt  the  bodies 
B  and  c  will  roll  down  it. 

E.  I  have  seen  bnildingsleso  Terr  much  ontofa  straight  line; 
why  do  they  not  fall  F 

^.'  Itdoes  not  follow  because 
ftbuilding  leans,  that  the  centre 
of  gravity  does  not  fall  within 
the  base.  There  is  a  high  tower 
at  I^SB,  a  town  in  Ita^,  which 
leans  fitVen  feet  out  of  the  per- 
pendicular ;  atrangera  tremble 
in  passing  by  it;  still  it  is  found 
by  experunent  that  the  line  of 
direction  falls  within  its  base, 
and  therefore  it  will  stand  bo 
long  as  its  materials  hold  to- 
gether. 

A  wall  at  Bridsenorth,  in 
Shropabire,  which  Ihave  seen, 
stands  in  a  similar  aituation ; 
but  so  long  as  a  line  c  i,  let  fall  ^ 
fiom  the  centre  of  gravity  cof 
the  building  a  b,  passes  within 
Hie  base  G  D,  it  will  remwn 
firm,  unless  the  materials,  with 
which  it  is  built,  go  to  decay.  "*"  *■ 

C.  It  must  be  of  great  use  in  many  cases  to  know  the  method 
of  finding  the  centre  of  gravity  in  different  kinds  of  bodies. 

F.  There  are  many  easy  riales  for  this  with  respect  to  all 
manageable  bodies :  I  will  mention  one  which  depends  oa  the 


24  MECHANICS. 

property  the  centre  of  grayity  has,  of  always  endeayouring  to 
descend  to  the  lowest  point. 

If  a  body  a  be  freely  suspended 
on  a  pin  a,  and  a  plumb-line  a  b 
be  hong  by  the  same  pin,  it  will 
pass  through  the  centre  of  gra- 
vity, for  that  centre  is  not  in  the 
lowest  point,  till  it  fall  in  the 
same   Ime    as    the    plumb-line. 

Mark  the  line  a  b  ;  then  hang  the  1  ^b 

body  up  by  any  other  point,  as  .^,  ^^ 

D,    with    the    plumb-line    d  b, 

which  will  also  pass  through  the  centre  of  gravity  for  the  same 
reason  as  before ;  and  therefore,  as  the  centre  of  gravity  is 
somewhere  in  a  b,  and  also  in  some  point  of  b  e,  it  must  be  in 
the  point  c,  where  those  lines  cross. 


CONVERSATION  X. 
Of  the  Centre  of  Gravitt/. 

C,  How  do  those  people  who  have  to  load  carts  and  waggons 
with  light  goods,  as  hay,  wool,  &c.,  know  where  to  find  the 
centre  of  gravity  ? 

F.  Perhaps  the  generality  of  them  never  heard  of  such  a 

{)rinciple ;  and  it  seems  surprising  that  they  should  neverthe- 
ess  make  up  their  loads  with  such  accuracy  as  to  keep  the  line 
of  direction  in  or  near  the  middle  of  the  base. 

JE,  I  have  sometimes  trembled  to  pass  by  the  hop  waggons 
which  we  have  met  on  the  Kent  Road. 

F.  And  without  any  impeachment  of  your  courage ;  for  they 
are  loaded  to  such  an  enormous  height,  that  they  totter  every 
inch  of  the  road.  It  would  be  impossible  for  one  of  these  to 
pass  with  tolerable  security  along  a  road  much  inclined ;  the 
centre  of  gravity  being  removed  so  high  above  the  body  of  the 
carriage,  a  small  declination  on  one  side  or  the  other  would 
throw  the  line  of  direction  out  of  the  base. 

F.  When  my  brother  James  falls  about,  it  is  because  he  can- 
not keep  the  centre  of  gravity  between  his  feet? 

F,  That  is  the  precise  reason  why  any  person,  whether  old 
or  young,  falls.  And  hence  you  learn  that  a  man  stands  much 
firmer  with  his  feet  a  little  apart  than  if  they  were  quite  close, 
for  by  separating  them  be  increases  the  base.  Hence,  also,  the 
difficulty  of  sustaining  a  tall  body,  as  a  walking-cane,  upon  a 
narrow  foundation. 
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JE,  How  do  rope  and  wire-dancers,  whom  I  have  seen  at  the 
Circus,  manage  to  balance  themselves  ? 

F.  They  generally  hold  a  long  pole,  with  weights  at  each  end, 
across  a  rope  on  which  they  dance,  keeping  their  eyes  fixed  on 
some  object  parallel  to  the  rope,  by  which  means  they  know 
when  their  centre  of  gravity  declines  to  one  side  of  the  rope  or 
the  other,  and  thus,  by  the  help  of  the  pole,  they  are  enabled  to 
keep  the  centre  of  gravity  over  the  base,  narrow  as  it  is.  It  is 
not  however  rope-dancers  only  that  pay  attention  to  this  prin- 
ciple, but  the  most  common  actions  ot  persons  in  general  are 
regulated  by  it. 

C.  In  what  respects  ? 

jP.  We  bend  forward  when  we  go  up  stairs,  or  rise  from  our 
chair,  in  order  to  bring  the  line  of  direction  towards  our  feet. 
For  the  same  reason,  a  man  carrying  a  burden  on  his  back 
leans  forward ;  and  backward  if  he  carries  it  on  his  breast.  If 
the  load  be  placed  on  one  shoulder,  he  leans  to  the  other.  If 
we  slip  or  timible  with  one  foot,  we  naturally  extend  the 
opposite  arm,  making  the  same  use  of  it  as  the  rope-dancer  of 
his  pole. 

This  property  of  the  centre  of  gravity  always  tending  to 
descend,  will  account  for  appearances  which  are  sometimes  ex- 
hibited to  excite  the  surprise  of  spectators. 

E,  What  are  those  ? 

J^.  One  is,  that  of  a  double  cone,  appearing  to  roll  up  two 
inclined  planes,  forming  an  angle  with  each  other ;  for  as  it 
rolls  it  sinks  between  them,  and  by  that  means  the  centre  of 
gravity  is  actually  descending. 

^.^an^  Let  a  body  EF,  consisting 

yj^n^^Kff  of  two  equal  cones  united  at 

^^^^^jp^^^y-"  their  bases,  be  placed  upon 

c^^^^Bf^^HnB^^^iS^  the  edges  of  two  straight 

^^^BBIW^^  smooth    rulers,    a  b    and 

^j^^  1^  CD,  which  at  one  end. meet 

M^~ /jJlii  in  an  angle  at  a,  and  rest 

'  MBBm|^  °     ^^  ^  horizontal  plane,  and 

AjyiifflwililPi^  "Y    ^    at  the  other  are  raised  a 

hmmmmmmmmmmmmmmmwmmm^^    little  above  the  plane  ;  the 
^***  ^*  body  will  roll  towards  the 

elevated  end  of  the  rulers,  and  appear  to  ascend ;  the  parts  of 
the  cone  that  rest  on  the  rulers  becoming  smaller  as  they  go 
over  a  large  opening,  and  thus  letting  it  down,  the  centre  of 
gravity  descends.  But  you  must  remember  that  the  height  of 
the  planes  must  be  less  than  the  radius  of  the  base  of  the  cone. 
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C.  Ii  it  upon  this  principle  that  a  ejlinder  it  made  to  roll 

F.  Yes,  it  ia ;  but  thi«  can  only  be  effected  to  a  small  dis- 
tance. If  a  cjlinder  of  pasteboard,  or  verj' 
l^ht  wood,  AB,  having  ita  centre  of  ate,- 
Titj  at  c,  be  placed  on  tbe  inclined  plane 
CD,  it  will  roll  down  the  inclined  plane, 
because  a  line  of  direction  from  that 
centre  liea  out  of  the  base.  I 
die  little  hole  o  above  with  a  plug  of  lead, 
it  will  roll  up  the  inclined  plane,  till  the 
lead  get*  near  the  base,  where  it  will  lie 
still  i  because  the  centre  of  gravity,  bj  means  of  tbe  lead,  is  re> 
moved  from  c  towards  the  plug,  and  therefore  ts  descending, 
though  the  cylinder  Is  ascending. 

E.  I  remember  our  surprise  at  the  circus  to  see  a  man  stand 
ilpou  a  large  ^lobe,  and  while  upon  it  roll  it  up  a  long  incline 
and  down  again.     I  suppose  this  was  on  the  same  principle. 

F.  Yes :  widi  one  foot  he  pressed  upon  tbe  distant  side,  and 
■o  made  the  centre  of  gravity  continuallj  to  be  outaide  tbe 
baxe,  in  the  direction  in  which  he  desired  to  move;  and  he 
skilfully  applied  tbe  other  foot  to  the  surface,  in  such  a  direction 
as  to  act  favourably  with  the  other. 

Before  I  put  an  end  to  this  subject,  I  wQI  show  yon  another 
experiment,  which,  without  understanding  the  principle  of  tbe 
centre  of  gravity,  cannot  be  ex- 
plained, Upon  this  stick  a, 
which,  of  itself,  would  fall,  be- 
cause its  centre  of  gravity  hangs 
over  tbe  table  E  F,  I  suspend  a 
bucket  B,  fixing  another  stick  a, 
one  end  in  a  notch  between  a 
and  k,  and  the  other  against  tbe 
inside  of  the  pdl  at  the  bottom. 
Now  you  will  see  that  the  bucket  "*■  '*" 

will,  m  this  position,  be  supported  though  filled  with  water. 
For  the  bucket  being  pushed  a  little  out  of  the  perpendicular 
by  the  stick  a,  the  centre  of  gravity  of  the  whole  is  brought 
under  the  table,  and  is  consequently  supported  by  it. 

The  koowlel^e  of  the  principle  of  the  centre  of  gravity  in 
bodies  will  enaUe  you  to  explain  the  structure  of  a  variety  of 
toys  which  are  put  into  the  hands  of  children,  such  as  the  litSe 
mnoyer,  rope-dancer,  trnnbUr,  ^ 
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CONVERSATION  XL 
On  the  Laws  of  Motion, 

C.  Are  yon  now  going,  papa,  to  describe  those  machines 
wliich  you  call  mechamcal  powers  f 

J**,  We  must,  I  believe,  defer  that  a  day  or  two  longer,  as  I 
haye  a  few  more  general  principles  with  which  I  wish  jou  pre- 
yiously  to  be  acquainted. 

JS.  What  are  these? 

F.  In  the  first  place,  you  must  well  understand  what  are 
denominated  the  three  general  laws  of  motion ;  the  first  of 
which  is,  "  that  every  botty  will  continue  in  its  state  of  rest  or  of 
uhiform  motion^  until  it  is  compelled  by  some  force  to  change  its 
state.^  This  constitutes  what  is  denominated  the  inertia  or  in- 
actiyitj  of  matter.  And  it  may  be  observed  that' a  change 
never  happens  in  the  motion  of  any  body,  without  an  equal  and 
opposite  cnange  in  the  motion  of  some  other  body. 

C.  There  ia^  no  difficulty  of  conceiving  that  a  body,  as  this 
inkstand,  in  a  state  of  rest,  must  always  remain  so,  if  no  external 
force  be  impressed  upon  it  to  give  it  motion.  But  I  know  of 
no  example  which  will  lead  me  to  suppose  that  a  body  once  put 
into  motion  would  of  itself  continue  so. 

F,  Tou  will,  I  think,  presently  admit  the  latter  part  of  the 
assertion,  as  well  as  the  former,  although  it  cannot  be  estab- 
lished by  experiment. 

E.  I  shall  be  glad  to  hear  how  this  is. 

F.  Tou  will  not  deny  that  the  ball,  which  you  strike  from 
the  trap,  has  no  more  power  either  to  destroy  its  motion,  or  to 
cause  any  change  in  its  velocity,  than  it  has  to  change  its  shape  ? 

C.  Certainly:  nevertheless,  in  a  few  seconds  after  I  have 
struck  the  balL  with  all  my  force,  it  falls  to  the  ground,  and 
then  stops. 

F.  Do  you  find  no  difference  in  the  time  that  is  taken  up 
before  it  comes  to  rest,  even  supposing  jour  blow  the  same  ? 

C.  Yes,  if  I  am  playing  on  the  grass  it  rolls  to  a  less  distance 
than  when  I  play  on  the  smooth  gravel. 

F.  Tou  find  a  like  difference  when  yon  are  playing  at  mar- 
bles, if  you  play  in  the  gravel  court,  or  on  the  even  pavement 
in  the  arcade. 

C  The  marbles  run  so  easily  on  the  smooth  stones  in  the 
arcade,  that  we  can  scarcely  shoot  with  a  force  small  enough. 

F.  And  I  remember  Charles  and  my  cousin  were,  last  winter^ 
trying  how  far  they  could  shoot  their  marbles  along  the  ice  in 
the  canal;  and  they  went  a  prodigious  distance  in  comparison 
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of  that  which  they  would  have  gone  on  the  gravel,  or  even  on 
the  pavement  in  the  arcade. 

i^  Now  these  instances  properly  applied  will  convince  you, 
that  a  body  once  put  into  motion  would  go  on  for  ever,  if  it 
were  not  compelled  by  some  external  force  to  change  its  state. 

C,  I  perceive  what  you  are  going  to  say : — it  is  the  rubbing 
or  friction  of  the  marbles  against  the  ground  which  does  the 
business.  For  on  the  pavement  there  are  fewer  obstacles  than 
on  the  gravel,  and  fewer  on  the  ice  than  on  the  pavement ;  and 
hence  you  would  lead  us  to  conclude,  that  if  all  obstacles  were 
removed  they  might  proceed  on  for  ever.  But  what  are  we  to 
say  of  the  bul — what  stops  that? 

F*  Besides  friction,  there  is  another  and  still  more  important 
circumstance  to  be  taken  into  consideration,  which  affects  the 
ball,  marbles,  and  every  body  in  motion. 

C  I  understand  you ;  that  is  the  attraction  of  gravitation. 

F,  It  is ;  for  from  what  we  said  when  we  conversed  on  that 
subject,  it  appeared  that  gravity  has  a  tendency  to  bring  every 
body  in  motion  to  the  earth, ;  consequently,  in  a  few  seconds, 
your  ball  must  come  to  the  ^ound  by  that  cause  alone ;  but 
besides  the  attraction  of  gravitation,  there  is  the  resistance  of 
the  air,  through  which  the  ball  moves. 

E,  That  cannot  be  much,  I  think. 

F.  Perhaps,  with  regard  to  the  ball  struck  from  your  brother's 
trap,  it  is  of  no  great  consideration,  because  the  velocity  is  but 
small ;  but  in  all  great  velocities,  as  that  of  a  ball  from  a  musket 
or  cannon,  there  will  be  a  material  difference  between  the  theory 
and  practice,  if  it  be  neglected  in  the  calculation.  Move  your 
mamma's  riding-whip  through  the  air  slowly,  and  you  observe 
nothing  to  remind  you  that  there  is  this  resisting  medium ;  but 
if  you  swing  it  with  considerable  swiftness,  the  noise  which  it 
occasions  will  inform  you  of  the  resistance  it  meets  with  from 
something,  which  is  the  atmosphere. 

C,  If  I  now  understand  you,  the  force  which  compels  a  body 
in  motion  to  stop,  is  of  three  kinds :  1,  the  attraction  of  gravi- 
tation; 2,  the  resistance  of  the  air;  and  3,  the  resistance  it  meets 
with  from  friction. 

F.  You  are  quite  right. 

C.  I  have  no  difficulty  in  conceiving  that  a  body  in  motion 
will  not  come  to  a  state  of  rest,  till  it  is  brought  to  it  by  an  ex- 
ternal force,  acting  upon  it  in  some  way  or  other.  I  have  seen  a 
gentleman,  when  skating  on  very  slippery  ice,  go  a  great  way 
without  any  exertion  to  himself ;  but  where  the  ice  was  rough, 
he  could  not  go  half  the  distance,  without  making  fresh  efforts. 

F,  I  will  mention  another  instance  or  two  on  this  law  of 


LAWS  OF  MOTION.  29 

I 

motioTi.  Put  a  basin  of  water  into  your  little  sister's  waggon, 
and  when  the  water  is  perfectly  still,  move  the  waggon ;  and  the 
water,  resisting  the  motion  of  the  vessel,  will  at  first  rise  up  in 
the  direction  contrary  to  that  in  which  the  vessel  moves.  If, 
when  the  motion  of  the  vessel  is  communicated  to  the  water,  you 
suddenly  stop  the  waggon,  the  water,  in  endeavouring  to  con- 
tinue the  state  of  motion,  rises  up  on  the  opposite  side. 

In  like  manner,  if,  while  you  are  sitting  quietly  on  your  horse, 
the  animal  starts  forward,  you  will  be  m  danger  of  falling  off 
backward;  but  if  while  you  are  galloping  along,  the  animal  stops 
on  a  sudden,  you  will  be  liable  to  be  thrown  forward. 

C  This  I  know  by  experience,  but  I  was  not  aware  of  the 
reason  of  it  till  to-day. 

F,  You  were  wondering  tbe  other  day  how  the  rider  at  the 
circus,  while  his  horse  was  in  full  gallop,  could  jump  over  a  rope 
and  fall  exactly  on  the  horse's  back  ;  but  you  will  now  see  that 
as  he  already  has  the  onward  circular  motion,  the  only  motion 
he  had  to  give  himself  was  an  upward  motion  in  order  to  clear 
the  rope ;  the  onward  motion  carried  him  to  his  place  again  on 
the  saddle. 

£.  Now  I  see  why  the  floor  of  tbe  railway  carriage,  although 
going  40  miles  an  hour,  did  not  run  away  from  my  watch  the 
other  day,  and  let  it  fall  on  the  cushion. 

F.  Yes,  and  you  now  see  that,  when  some  obstacle  suddenly 
stops  a  train,  the  passengers  are  carried  onward^  and  hurled 
against  the  front  side  of  the  carriages. 

One  of  the  first,  and  not  least  important  uses  of  the  principles 
of  natural  philosophy,  is,  that  they  may  be  applied  to,  and  will 
explain,  many  of  the  common  concerns  of  life. 

We  now  come  to  the  second  law  of  motion,  which  is : — ^^that 
the  change  of  motion  is  proportional  to  the  force  impressed^  and  in 
the  direction  of  that  force. 

C.  There  is  no  difficulty  in  this ;  for  if,  while  my  cricket-ball 
is  rolling  along,  after  Henry  has  struck  it,  I  strike  it  again,  it 
goes  on  with  increased  velocity,  and  that  in  proportion  to  the 
strength  which  I  exert  on  the  occasion ;  whereas,  if  while  it  is 
roUinff,  I  strike  it  back  again,  or  give  it  a  side  blow,  I  change 
the  direction  of  its  course. 

F.  In  the  same  way,  gravity,  and  the  resistance  of  the  atmo- 
sphere, change  the  direction  of  a  cannon-ball  from  its  course  in 
a  straight  line,  and  bring  it  to  the  ground ;  and  the  ball  goes  to 
a  greater  or  less  distance  in  proportion  to  the  quantity  of  power 
used. 

The  third  law  of  motion  is : — "  that  to  every  action  of  one  body 
ypon  (moAer,  there  is  an  equal  and  contrary  re^actionJ'*  If  I  strike 


80  MECHANICS. 

this  table,  I  communicate  to  it  (which  jou  perceiye  hy  the 
shaking  of  the  glasses)  the  motion  of  mj  hand :  and  the  table 
reacts  against  my  hand,  just  as  much  as  mj  hand  acts  against 
the  table. 

1£  JOU  press  with  your  finger  one  scale  of  a  balance,  to  keep 
it  in  equilibrio  with  a  pound  weight  in  the  other  scale,  you  wiu 
perceive  that  the  scale  pressed  by  the  finger  acts  against  it  with 
a  force  equal  to  a  pound,  with  which  the  other  scale  endeavours 
to  descena. 

In  all  cases  the  quantity  of  motion  gained  by  one  body  is  always 
equal  to  that  lost  by  the  other  in  the  same  direction.  Thus,  if  a 
ball  in  motion  strike  another  at  rest,  the  motion  communicated 
to  the  latter  will  be  taken  from  the  former,  and  the  velocity  of 
the  former  will  be  proportionally  diminished. 

A  borse  drawing  a  heavy  load,  is  as  much  drawn  back  by  the 
load  as  he  draws  it  forward. 

£,  I  do  not  comprehend  how  the  cart  draws  the  horse. 

F,  But  the  progress  of  the  horse  is  impeded  by  the  load,  which 
is  the  same  thing ;  for  the  force  which  the  horse  exerts  would 
carry  him  to  a  greater  distance  in  the  same  time,  were  he  freed 
from  the  incumbrance  of  the  load,  and  therefore,  as  much  as  his 

Srogress  falls  short  of  that  distance,  so  much  is  he,  in  efiect, 
rawn  back  by  the  reaction  of  the  loaded  cart. 
Again,  if  you  and  your  brother  were  in  a  boat,  and  if,  by  means 
of  a  rope,  you  were  to  attempt  to  draw  another  to  you,  the  boat 
in  which  you  were  would  be  as  much  pulled  toward  the  other 
boat  as  that  would  be  moved  to  you  ;  and  if  the  weights  of  the 
two  boats  were  equal,  they  would  meet  in  a  point  half  way 
between  the  two. 

If  you  strike  a  glass  bottle  with  an  iron  hammer,  the  blow  will 
be  received  by  the  hammer  and  the  glass ;  and  it  is  immaterial 
whether  the  hammer  be  moved  against  the  bottle  at  rest,  or  the 
bottle  be  moved  against  the  hammer  at  rest,  yet  the  bottle  will  be 
broken,  though  uie  hammer  be  not  injured,  because  the  same 
blow  which  is  sufficient  to  break  glass  is  not  sufficient  to  break 
or  injure  a  mass  of  iron. 

JE.  But  how  was  it,  papa,  that,  when  Edward  carelessly  di- 
rected his  gun  yesterday  toward  the  greenhouse,  the  bullet 
passed  through  the  glass,  making  a  hole,  but  not  cracking  the 
glass? 

J7.  Because  a  certain  amount  of  time  is  necessary  fi)r  a  force 
to  propagate  itself  through  a  body ;  and  the  bullet  passed  so 
quickly  that  the  particles  of  glass,  against  which  it  struck,  were 
carriea  away  before  the  motion  imparted  to  them  had  been  pro- 
pagated to  Uie  rest  of  the  glass.    Had  he  thrown  the  bullet  with 
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his  hand,  the  motion  would  have  been  sufficiently  slow  to  allow 
the  force  to  be  communicated,  and  the  glass  would  have  been 
broken. 

From  this  law  of  motion  you  may  learn  in  what  manner  a 
bird,  by  the  stroke  of  its  wings,  is  able  to  support  the  weight  of 
its  body. 

C  Pray  explain  this,  papa. 

F,  If  tne  force  with  wnich  it  strikes  the  air  below  it  is  emud 
to  the  weight  of  its  body,  then  the  reaction  of  the  air  upwards  is 
likewise  equal  to  it ;  and  the  bird,  being  acted  upon  by  two  equal 
forces  in  contrary  directions,  will  rest  between  them.  If  the  force 
of  the  stroke  is  greater  than  its  weight,  the  bird  will  rise  with  the 
difference  of  these  two  forces ;  and  if  the  stroke  be  less  than  its 
weight,  then  it  will  sink  with  the  difference. 


CONVERSATION  XH. 
On  the  Laws  of  Motion. 

C  I  am  prepared  to  believe  that  those  laws  of  motion  which 
you  explained  yesterday  are  of  great  importance  in  natural  phi- 
losophy. 

P.  Indeed  they  are,  and  should  be  carefully  committed  to 
memory.  They  were  assumed  by  Sir  Isaac  Newton  as  the  fun- 
damental principles  of  mechanics,  and  you  will  find  them  at  the 
head  of  most  books  written  on  these  subjects.  From  these  also 
we  are  naturally  led  to  some  other  branches  of  science,  which, 
though  we  can  but  slightly  mention  them,  should  not  be  wholly 
n^lected.  They  are,  in  fact,  but  corollaries  to  the  laws  of 
motion. 

E.  liWhat  is  a  corollary,  papa? 

F,  It  is  nothing  more  Uian  some  truth  clearly  deducible  from 
some  other  truth  before  demonstrated  or  admitted.  Thus,  by  the 
^ret  law  of  motion,  every  body  must  endeavour  to  continue  in  the 
state  into  which  it  is  put^  wheAer  it  be  of  rest,  or  uniform  motion  in 
a  straight  line :  from  which  it  follows,  as  a  corollary,  "  that  when 
we  see  a  body  move  in  a  curve  line,  it  must  be  acted  upon  by  at 
least  two  forces.** 

C  When  I  whirl  a  stone  round  in  a  sling,  what  are  the  two 
forces  which  act  upon  the  stone  ? 

F.  There  is  the  force  by  which,  if  you  let  go  the  string,  the 
stone  will  fly  off  in  a  right  line ;  and  there  is  the  force  of  the 
hand,  which  keeps  it  in  a  circular  motion. 
.   F,  Are  there  any  of  these  circular  motions  in  nature  ? 

F,  The  moon  and  all  the  planets  moye  by  analogous  laws  —  to 
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take  the  moon  as  an  instance.  It  has  a  constant  tendency  to  the 
earth,  bj  the  attraction  of  gravitation,  and  it  has  also  a  tendency 
to  proceed  in  a  right  line,  by  that  projectile  force  impressed  upon 
it  by  the  Creator,  in  the  same  manner  as  the  stone  flies  from  your 
hand ;  now,  by  the  joint  action  of  these  two  forces,  it  has  a  cir- 
cular motion. 

JE.  And  what  would  be  the  consequence,  supposing  the  projec- 
tile force  to  cease  ? 

F,  The  moon  must  fall  to  the  earth ;  and  if  the  force  of  gra- 
vity were  to  cease  acting  upon  the  moon,  it  would  fly  off  into 
in^te  space.  Now  the  projectile  force,  when  applied  to  the 
planets,  is  called  the  centrifugal  force,  as  having  a  tendency  to 
recede  or  fly  from  the  centre ;  and  the  other  is  termed  the  ceU' 
tripekd  force,  from  its  tendency  to  some  point  as  a  centre. 

When  Mary  twirls  the  mop,  you  see  the  threads  all  arrange 
themselves  like  rays  from  a  centre ;  but  the  drops  of  water  all  fly 
off  perpendicular  to  the  rays :  the  position  of  the  threads  is  the 
direction  of  the  centripetal  force,  that  of  the  drops,  of  the  centric 

C  And  all  this  in  consequence  of  the  inactivity  of  matter  by 
which  bodies  have  a  tendency  to  continue  in  the  same  state  they 
are  in,  whether  of  rest  or  motion  ? 

F.  You  are  right ;  and  this  principle,  which  Sir  Isaac  Newton 
assumed  to  be  in  all  bodies,  he  called  their  vis  inertia^  to  which 
we  have  before  referred. 

C.  A  few  mornings  ago  you  showed  us  that  the  attraction  of 
the  earth  upon  the  moon  *  is  3600  times  less  than  it  is  upon 
heavy  bodies  near  the  earth's  surface.  Now,  as  this  attraction 
is  measured  by  the  space  fallen  through  in  a  given  time,  I  have 
endeavoured  to  calculate  the  space  which  the  moon  would  fall 
through  in  a  minute,  were  the  projectile  force  to  cease. 

F.  Well,  and  how  have  you  brought  it  out  ? 

C.  A  body  falls  here  16  feet  in  the  first  second,  consequently 
in  a  minute,  or  60  seconds,  it  would  fall  60  times  60  feet,  that 
is  3600  feet,  which  is  to  be  multiplied  by  16 ;  and  as  the  moon 
would  fall  through  3600  times  less  space  in  a  given  time  than 
a  body  here,  it  would  fall  only  16  feet  in  the  first  minute. 

F,  Your  calculation  is  accurate.  I  will  recall  to  your  mind 
the  second  law,  by  which  it  appears,  that  every  motion  or  change 
of  motion  produced  in  a  body,  must  be  proportional  to,  and  in  Sie 
direction  of  the  force  impressed.  Therefore,  if  a  moving  body 
receives  an  impulse  in  the  direction  of  it-s  motion,  its  velocity 
will  be  increased ;  if  in  the  contrary  direction,  its  velocity  will 
be  diminished ;  but  if  the  force  b«  impressed  in  a  direction 

•  8«e  C<mT«fMtt«D  IV. 
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oblique  to  that  in  which  it  moves,  then  its  direction  will  be  be- 
tween that  of  its  former  motion,  and  that  of  the  new  force  im- 
pressed. 

C.  This  I  know  from  the  observations  I  have  made  with  mj 
erickeii-ball. 

jP.  By  this  second  law  of  motion,  you  will  easily  understand 
that  if  a  body  at  rest  receive  two  impulses,  at  the  same  time, 
from  forces  whose  directions  do  not  coincide,  it  will,  by  their 
joint  action,  be  made  to  move  in  a  line  that  lies  between  the" 
direction  of  the  forces  im|)ressed. 

JE,  Have  you  any  machine  in  order  to  prove  this  satisfactorily 
to  the  seD^  ? 

F.  There  are  many  such,  invented  bv  difierent  persons,  de- 
scriptions of  which  you  will  hereafter  find  in  various  books  on 

these  subjects.    But  it  is  easily  understood 

by  a  figure.    If  on  the  ball  a  a  force  be 

impressed  sufficient  to  make  it  move  with 

an  uniform  velocity  to  the  point  b,  in  a 

second  of  time;  and  if  another  force  be 

also  simultaneously  impressed  on  the  ball 

which  alone  would  make  it  move  to  the 

I  point  c,  in  the  same  time;  the  ball,  by 

Fig.  14.  means  of  the  two  forces,  will  describe  tlie 

line  A  D,  which  is  the  diagonal  of  a  figure,  whose  sides  are  a  c 

and  A  B. 

'  C  How  then  is  motion  produced  in  the  direction  of  the  force  f 
According  to  the  second  mw,  it  ought  to  be,  in  one  case,  in  the 
direction  a  c,  and,  in  the  other,  in  that  of  a  b,  whereas  it  is  in 
that  of  A  D. 

F.  Examine  the  figure  a  little  attentively,  carrying  this  in 
your  mind,  that  for  a  body  to  move  in  the  same  direction^  it  is 
not  necessary  that  it  should  move  in  the  same  straight  line ;  but 
that  it  is  sufficient  to  move  either  in  that  line,  or  in  any  one 
parallel  to  it. 

C.  I  perceive  then  that  the  ball,  when  arrived  at  d,  has 
moved  in  the  direction  a  c,  because  b  d  is  parallel  to  a  c ;  and 
also  in  the  direction  a  b,  because  c  d  is  parallel  to  it. 

F,  And  in  no  other  possible  situation  but  at  the  point  i^ 
could  this  experiment  be  conformable  to  the  second  law  of 
motion. 

You  will  not  forget  that,  if  a  body  move  in  a  curve,  the 
continued  action  of  external  force  must  be  inferred ;  if  that 
action  were  to  cease  at  any  point,  the  body  would  continue  itier 
motion  in  a  stnught  line,  touching  the  curvilinear  path  in  that 
point. 
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CONVERSATION  XIH. 
On  the  Laws  of  Motion. 

F.  If  you  reflect  a  little  upon  what  we  said  yesterday  on 
the  second  law  of  motion,  you  will  readily  deduce  the  following 
corollaries,  referring,  as  you  go  along,  to  the  last  diagram. 

1.  That,  if  the  forces  be  equal,  and  act  at  right  angles  to  one 
another,  the  line  described  by  the  ball  will  be  the  diagonal  of 
a  square.  But  in  all  other  cases  it  will  be  the  diagonal  of  a 
parallelogram  of  some  kind. 

2.  By  varying  the  angle  and  the  forces,  you  vary  the  form  of 
your  parallelogram. 

C.  Tes,  papa ;  and  I  see  another  consequence,  viz.  that  the 
motions  of  two  forces  acting  conjointly  in  this  way  are  not  so 
great  as  when  they  act  separately. 

F.  That  is  true ;  and  you  are  led  to  the  conclusion,  I  sup- 
pose, from  the  recollection,  that  in  every  triangle  &ny  two  sides 
taken  together  are  greater  than  the  remaining  side ;  and  there- 
fore you  infer,  and  justly  too,  that  the  motions  which  the  ball 
▲  must  have  received,  had  the  forces  been  applied  separately, 
would  have  been  equal  to  ac  and  a  b,  or,  which  is  the  same 
thing,  to  A  c  and  c  d,  the  two  sides  of  the  triangle  ado;  but 
by  their  joint  action  the  motion  is  only  equal  to  a  d,  the  re- 
maining side  of  the  triangle. 

Hence,  then,  you  will  remember,  that  in  the  composiiiofi,  or 
adding  together  of  forces  (as  this  is  called),  motion  is  always 
lost:  and  in  the  resolution  of  any  one  force,  as  ad,  into  two 
others,  ac  and  a  b,  motion  is  gained. 

C.  Well,  papa,  but  how  is  it  that  the  heavenly  bodies,  the 
moon,  for  instance,  which  is  impelled  by  two  forces,  performs, 
her  motion  in  a  circular  curve  round  the  earth,  and  not  in  a 
diagonal  between  the  direction  of  the  projectile  force  and  that 
of  the  attraction  of  gravity  to  the  earth  ? 

F  Because,  in  the  case  just  mentioned,  there  was  only  the 
action  of  a  sinele  impulse  in  each  direction,  whereas  the  action 
of  gravity  on  9ie  moon  is  continual,  and  causes  an  accelerated^ 
motion,  and  hence  the  line  is  a  curve. 

^  C.  Supposing,  then,  that  a  represent  the  moon,  and  a  c  the 
sixteen  feet  through  which  it  would  fall  in  a  minute  by  the  at- 
traction of  gravity  towards  the  earth,  and  a  b  represent  the 
projectile  force  acting  upon  it  for  the  same  time..  If  ab  and 
AC  acted  as  single  impulses,  the  moon  would  in  that  case  de- 
scribe the  diagonal  a  d  ;  but  since  these  forces  are  constantly 
acting,  and  ihat  of  gravity  is  an  accelerating  force  also,  instead 
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of  the  stnuglit  line  a  d,  the  moon  will  be  drawn  into  the  curve 
line  A  a  D.    Do  I  understand  the  matter  right  f 

F,  You  do ;  and  hence  you  easily  comprehend  how,  by  good 
instruments  and  calculation,  the  attraction  of  the  earth  upon 
the  moon  was  discovered. 

The  third  law  of  motion,  viz.  that  action  and  reaction  are  egval. 
and  in  contrary  directions,  may  be  illustrated  by  the  motion 
Communicated  by  the  percussion  of  elastic  and  non-elastic  bodies. 
JS,  What  are  these,  papa  ? 

JP.  Elastic  bodies  are  those  which  have  a  certain  spring,  or 
power  of  self-recovery,  by  which  their  parts,  upon  being 
pressed  inwards,  by  percussion,  return  to  their  former  state  < 
this  property  is  evident  in  a  ball  of  wool  or  cotton,  or  in  sponge 
compressed.  Non-elastic  bodies  are  those  which,  when  one 
strikes  another,  do  not  rebound,  but  move  together  after  the 
stroke. 

Let  two  equal  ivory  balls  a  and  b  be  suspended  by  threads ; 
if  a  be  drawn  a  little  out  of  the  perpendicular,  and  be  let  fall 

upon  6,  it  will  lose  its  motion  by  communicating 
it  to  b,  which  will  be  driven  to  a  distance  c, 
equal  to  that  through  which  a  fell ;  and  hence 
it  appears  that  the  reaction  of  b  was  equal  to 
the  action  of  a  upon  it. 

JE,  But  do  the  parts  of  the  ivory  balls  yield 
by  the  stroke,  or,  as  you  call  it^  by  percussion  ? 
F,  They  do ;  for  if  I  lay  a  little  paint  on  a, 
and  let  it  touch  b,  it  will  make  but  a  very  small 
speck  upon  it :  but  if  it  fall  upon  b,  the  speck 
will  be  much  larger;  which  proves  that  the 
balls  are  elastic,  and  that  a  little  hollow,  or 
dent,  was  made  in  each  by  collision.  If  now  two  e^ual  soft 
balls  of  clay, .  or  glazier's  putty,  which  are  non-elastic,  meet 
each  other  with  equal  velocities,  they  would  stop  and  stick  to- 
gether at  the  place  of  their  meeting,  as  their  mutual  actions 
destroy  each  other. 

C  1  have  sometimes  shot  my  white  alley  against  another 
marble  so  plumply,  that  the  marble  has  gone  off  as  swiftly  as  the 
alley  approached  it,  but  the  alley  remained  motionless  in  the 
place  of  the  marble.  Are  marbles,  therefore,  as  well  as  ivory, 
elastic  ? 

F.  They  are ;  but  neither  of  them  perfectly  elastic.  —  If 
three  elastic  balls,  a,  ft,  c,  be  hung  from  the  adjoining  centres, 
and  c  be  drawn  a  little  out  of  the  perpendicular,  and  let  fall 
upon  ft,  then  will  c  and  ft  become  stationary,  and  a  will  be 

D  2 
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Wen  to  o,  the  dbtance  through  nhicb  e 

.   ,  1  upon  6. 

\  If  you  hang  anj  number  of  ballB,  is  sii, 

\  eigitt,  &c.,  80  oa  tu  touch  each  other,  and  if 

1    \  you  draw  the  outside  one  away  to  a  little 

\  distance,  and  then  let  it  fall  upon  the  others, 

I     \  the  ball  on  the  opposite  side  will  be  driven, 

\  off,   while   the   rest   remaia   statiounry,   bo 

\  ^ual  is  the  action  and  reaction  of  tbe  s 


I       \      lionary  balls  divided  amonK  them.      In  the 

^^   J^  iame  manner,  if  two  ate  drawn  aside,  and 

'   %0   ^  suffered   to  fall  on  the  rest,  the  opposite 

"      i(f  *""  "'^  ^y  "^  ""^  '^^  others  remain  stft- 

tionarj. 

.   There  is  one  other  circumstance  depending  upon  the  action 

and  reaction  of  bodies,  and  also  upon  tlie  via  inertia  of  matter, 

worth  noticing ;  by  some  authoTB  you  will  find  it  largely  treated 

If  I  strike  a  blacksmillk's  anvil  with  a  hammer,  action  and 
reaction  being  equal,  the  anvil  strikes  the  hammer  as  forcibly  as 
tbe  hammer  strikes  the  anvil. 

If  the  anvil  be  large  enoueb,  I  might  lay  it  on  my  breast,  and 
•nffer  you  to  strike  it  witb  a  eledi>e  hammer  with  all  joor 
ftrengtii,  without  pain  or  riakj  for  the  vis  ineriim  of  the  anvil 
resists  the  force  of  the  blow,  without  acquiring  any  perceptible 
velocity.  But  if  the  anvil  were  but  a  pound  or  two  in  weight, 
your  blow  would  probably  kill  me. 

£.  Is  it  owing  to  this  principle,  that  when  a  cannon  on 
wheels  is  fired,  it  runs  backward  ? 

J^.  It  is ;  for  the  action  of  the  powder  produces  as  great  a 
quantity  of  momentum  in  tbe  gun,  as  in  the  ball,  but  their 
motions  are  contrary ;  tbe  ball  moves  forward  and  the  cannon 
backward,  and  the  cannon  slower  in  proportion  as  its  mass  and 
weight  arc  greater. 


CONVERSATION  XIV. 
On  the  HfechoHiad  Poaert. 

■  C.  Will  you  now,  papa,  explain  the  mechanical  powers? 

F.  I  will,  and  I'Lope  you  nave  not  forgotten  what  the  mo' 
meJitiaa  of  a  body  is  P 

C.  No ;  it  is  the  force  of  a  moving  body,  which  force  is  esti- 
mated by  the  weight,  multiplied  into  iba  velocity. 
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JS,  Then  a  small  body  may  have  an  equal  momentum  with 
One  much  larger  ? 

C.  Yes,  provided  the  smaller  body  moves  as  much  more 
swifUy  than  the  larger  one,  as  the  weight  of  the  latter  is  greater 
than  that  of  the  formelr. 

F.  What  do  you  mean  when  you  say  that  one  body  moves 
more  swiftly,  or  has  a  greater  velocity  than  another  ? 

C  That  it  passes  over  a  greater  space  in  the  same  time. 
Your  watch  will  explain  my  meaning :  the  minute-hand  travels 
round  the  dial-plate  in  an  hour,  but  the  hour-hand  takes  twelve 
hours  to  perform  its  course,  consequently  the  velocity  of  the 
ihinute-hand  is  twelve  times  greater  than  that  of  the  hour* 
hand ;  because,  in  the  same  time,  viz,  twelve  hours,  it  travels 
twelve  times  the  space  that  is  gone  through  by  the  hour-hand. 

F.  But  this  can  be  only  true  on  the  supposition  that  the  two 
circles  are  equal.  In  my  watch,  the  minute-hand  is  longer  than 
the  other,  and,  consequently,  the  circle  described  by  it  is  larger 
than  that  described  by  the  hour-hand. 

C  I  see  at  once,  that  my  reasoning  holds  good  only  in  the 
case  where  the  hands  are  equal. 

F,  There  is,  however,  a  particular  point  of  the  longer  hand, 
of  which  it  may  be  said,  with  the  strictest  truth,  th^t  it  has 
exactly  twelve  times  the  velocity  of  the  extremity  of  the  shorter. 

C  That  is  the  point,  at  which,  if  the  remainder  were  cut  off, 
the  two  hands  would  be  equal.  And,  in  fact,  every  difierent 
point  of  the  hand  describes  different  spaces  in  the  same  time. 

F.  The  little  pivot  on  which  the  two  hands  seem  to  move 
(for  they  are  really  moved  by  different  pivots,  one  within 
another)  may  be  called  the  centre  of  motion,  which  is  a  fixed 
point;  and  the  longer  the  hand  is,  the  greater  is  the  space 
described. 

C,  The  extremities  of  the  vanes  of  a  windmill,  when  they 
are  going  very  fast,  are  scarcely  distinguishable,  though  the 
separate  parts,  nearer  the  mill,  are  easily  discerned;  this  is 
owing  to  the  velocity  of  the  extremities  being  so  much  greater 
than  that  of  the  other  parts. 

F,  Did  not  the  swiftness  of  the  round-abouts,  which  we  saw 
at  the  fair,  depend  on  the  same  principle,  viz,  the  length  of  the* 
poles  upon  which  the  seats  were  fixed  f 

F.  Yes ;  the  greater  the  distance  at  which  these  seats  were 
placed  from  the  centre  of  motion,  the  greater  was  the  space 
which  the  little  boys  and  girls  travelled  for  their  half-penny. 

F.  Then  those  in  the  second  row  had  a  shorter  ride  for  their 
money  than  tho^d  at  the  end  of  the  poles  ? 

F.  Tes,  shorter  as  to  space,  but  tne  same  as  to  time.    In  the' 
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same  way,  when  yoa  and  Charles  go  round  the  eravel  walk  for 
half  an  hour*8  exercise,  if  he  run  while  you  walk,  he  will  perhaps 
have  gone  six  or  eight  times  round  in  the  same  time  tnat  you 
have  been  but  three  or  four  times  round :  now,  as  to  time,  your 
exercise  has  been  equal,  but  he  may  have  passed  over  double 
the  space  in  the  same  time. 

C  How  does  this  apply  to  the  explanation  of  the  mechanical 
powers? 

F.  You  will  find  the  application  very  easy :  — without  clear 
ideas  of  what  is  meant  by  time  and  space^  you  cannot  compre- 
hend the  principles  of  mechanics. 

There  are  six  mechanical  powers :  the  lever,  the  wheel  and 
axis,  the  pulley,  the  inclined  plane,  the  wedge,  and  the  screw. 

M,  Why  are  they  called  mechanical  powers  ? 

F,  Because,  by  their  means,  we  are  enabled  mechanically  to 
raise  weights,  move  heavy  bodies,  and  overcome  resistances, 
which,  without  their  assistance,  could  not  be  done. 

C  But  is  there  no  limit  to  the  assistance  gained  by  these 
powers  ?  for  I  remember  reading  of  Archimedes,  who  said,  that 
with  a  place  for  his  fulcrum  he  could  move  the  earth  itself. 

F.  Human  power,  with  all  the  assistance  which  art  can  give, 
is  very  soon  limited,  and  upon  this  principle,  tJuU  what  we  gain 
inpower^we  lose  in  time.  That  is,  if,  by  your  own  unassisted 
strength,  you  are  able  to  raise  fifty  pounds  to  a  certain  distance 
in  one  minute,  and  if,  by  the  help  of  machinery,  you  wish  to 
raise  500  pounds  to  the  same  height,  you  will  require  ten 
minutes  to  perform  it  in :  thus  you  increase  your  power  ten- 
fold, but  it  IS  at  the  expense  of  time.  Or,  in  other  words,  you 
are  enabled  to  do  that  with  one  effort  in  ten  minutes,  which 
you  could  have  done  in  ten  separate  efforts  in  the  same  time. 

JE,  Then  it  appears  that  besides  a  place  for  his  fulcriun,  Ar- 
chimedes would  have  required  time ;  yes,  and  a  great  deal  of 
time,  would  he  not  ? 

jP.  Yes,  dear ;  I  once  made  a  calculation  of  the  number  of 
years  he  would  require  to  move  the  earth  an  inch :  scores  and 
scores  of  figures  were  necessary  to  express  the  time. 

F.  Then  there  is  no  real  gam  of  force  acquired  by  the  me- 
chanical powers  ? 

F.  Though  there  be  not  any  actual  increase  of  force  gained 
by  these  powers,  yet  the  advantages  which  men  derive  from 
them  are  inestimable.  J£  there  are  several  small  weights, 
manageable  by  human  strength,  to  be  raised  to  a  certain  height, 
it  may  be  fully  as  convenient  to  elevate  them  one  by  one,  as  to 
take  the  advantage  of  the  mechanical  powers  in  raising  them  all 
at  once.    Because,  as  we  have  shown,  the  same  time  will  be 
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tiecessary  in  both  cases.  Bat  suppose  you  have  a  hu^e  block 
of  stone  of'a  ton  weight  to  carry  away,  or  a  weight  stiilgreater, 
what  is  to  be  done  ? 

JS.  I  did  not  think  of  that. 

F.  Bodies  of  this  kind  cannot  be  separated  into  parts  propor- 
tionable to  the  homan  strength  without  immense  hibonr,  nor, 
perhaps,  without  rendering  them  unfit  for  those  purposes  to 
which  they  are  to  be  applied.  Hence,  then,  you  perceive  the 
great  importance  of  the  mechanical  powers,  and  of  their  com- 
binations, by  the  use  of  which  a  man  is  able  with  ease  to  manage 
a  weight  many  times  greater  than  himself. 

C  I  have,  indeed,  seen  a  few  men,  by  means  of  pulleys,  and 
apparently  with  no  very  great  exertion,  raise  an  enormous  oak 
tree  into  a  timber-carnage,  in  order  to  convey  it  to  the  dock- 
yard. 

JF.  A  very  excellent  instance ;  for  if  the  tree  had  been  cut 
into  such  pieces  as  could  have  been  managed  by  the  natural 
strength  of  these  men,  it  would  not  have  been  worth  carrying 
to  Deptford  or  Chatham  for  the  purpose  of  ship-building. 
-  JS.  But  what  is  a  fulcrum  ? 

F,  It  is  ajixed  pointy  or  prop,  round  which  the  other  parts  of 
a  machine  move. 

C  Is  the  pivot  upon  which  the  hands  of  your  watch  move  a 
fulcrum  then  P 

jP.  It  is ;  and  you  remember  we  called  it  also  the  centre  of 
motion ;  the  rivet  of  these  scissors  is  also  a  fulcrum,  and  abo 
the  centre  of  motion. 

E»  Is  that  a  fixed  prop  or  point  ? 

F,  Certainly  it  is  a  fixed  point,  as  it  regards  the  two  parts  of 
the  scissors ;  for  that  always  remains  in  the  same  position,  while 
the  other  parts  move  about.  Take  the  poker  and  stir  the  fire : 
— now  that  part  of  the  bar  on  which  tne  poker  rests  is  a  ful- 
crum, for  the  poker  moves  upon  it  as  a  centre. 


CONVERSATION  XV. 
Of  Vie  Lever, 

jP.  We  will  now  consider  the  Lever,  which  is  generally  called 
the  first  mechanical  power. 

The  lever  is  an  inne^Lible  bar  of  wood,  iron,  &c.,  which  serves 
to  raise  weights,  while  it  is  supported  at  the  point  by  a  prop  or 
fulcrum,  on  which,  as  the  centre  of  motion,  all  the  other  parts 
turn.  A  B  will  represent  a  lever,  and  the  point  c  the  fulcrum  or 
centre  of  motion.    Now  it  is  evident,  if  the  lever  turn  on  its 
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Fig.  17. 


centre  of  motion  c,  so  that  ▲  comes 
into  the  position  a,  b  at  the  same 
time  must  come  into  the  position  b» 
If  both  the  arms  of  the  leyer  be 
equal,  that  is,  if  a  c  is  equal  to  b  c, 
there  is  no  advantage  gained  by  iti 
for  they  pass  orer  eqiul  spaces  in 
the  same  time;  and,  according  to 
the  fundamental  principles  already  laid  down  (p.  38),  "  as  ad* 
▼antage  or  power  is  gamed,  time  must  be  lost;**  therefore,  no 
time  being  lost  by  a  lever  of  this  kind,  there  can  be  no  power 
gained. 

C.  Whj  then  is  it  called  a  mechanical  power  ? 
£•  Strictly  speaking,  perhaps  it  ought  not  to  be  numbered 
as  onci  But  it  is  usualfy  recKoned  among  them,  having  the 
fulcrum  between  the  wdght  and  the  power,  which  is  the  dis- 
tinguishing property  of  levers  of  the  first  kind.  And,  when 
tiie  fulcrum  is  exacUy  the  middle  point  between  the  weight  and 
power,  it  is  the  common  balance :  to  which,  if  scales  be  susr 
pended  at  a  and  b,  it  is  fitted  for  weighing  idl  sorts  of  commo- 
oities. 

E.  You  say  it  is  a  lever  of  the  Jirst  kind ;  are  there  several 
torts  of  levers  ? 

F,  There  are  three  sorts;  some  persons  reckon  four;  the 
fourth,  however,  is  but  a  bended  one  of  the  first  kind.  A  lever 
of  the  first  kind  has  the  fulcarum  between  the  weight  and  powers 


'"■'■■'         *  '     -y-  -    '        •>n 


Q 


p 

rig.  18. "  rig.  19. 

The  second  kind  of  lever  has  the  fulcrum  at  one  end,  the  power 
at  the  other,  and  the  weight  between  them. 
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In  tbe  third  kind  the  power  is  between  the  fVilcmm  and  the 
weight. 

Let  U8  take  the  lever  of  the  first  kind  (fig.  18.)  which,  if  it  be 
mored  into  the  position  a  b,  by  turning  on  its  fnlcmm/c,  it  is 
evident,  that  while  a  has  travelled  over  the  short  space  a  a,  b  has 
travelled  over  the  greater  space  b  &,  which  spaces  are  to  one 
another  exactly  in  proportion  to  the  length  of  the  arms  a  g  and 
B  c.  If  joa  now  apply  jour  hand  first  to  the  point  a,  and  after- 
wards to  B,  in  order  to  move  the  lever  into  the  position  a  b,  using 
the  same  velocity  in  both  cases,  you  will  find,  that  the  time  spent 
in  moving  the  lever  when  the  hand  is  at  b,  will  be  as  much  greater 
than  that  spent  when  the  hand  is  at  a,  as  the  arm  b  c  is  longer 
than  the  arm  a  c  ;  but  then  the  exertion  required  will,  in  the 
same  proportion,  be  less  at  b  than  at  a. 

C  The  arm  b  g  appears  to  be  four  times  the  length  of  a  c. 

F.  Then  it  is  a  lever  which  gains  power  in  proportion  of  four 
to  one.  That  is,  a  single  pound  weight  applied  to  the  end  of 
the  arm  b  c,  as  at  p,  wul  Imlance  four  pounds  suspended  at  A, 
as  w. 

.  C.  I  have  seen  workmen  move  large  pieces  of  timber  to  very 
small  distances,  by  means  of  a  long  bar  of  wood  or  iron ;  is  that 
a  lever  ? 

F,  It  is ;  they  force  one  end  of  the  bar  under  the  timber,  and 
then  place  a  block  of  wood,  stone,  &c.  beneath,  and  as  near  the 
same  end  of  the  lever  as  possible,  for  a  fulcrum,  applying  their 
own  strength  to  the  other;  and  power  is  gained  in  proportion  as 
the  dbtance  from  the  fulcrum  to  the  part  where  the  men  apply 
their  strength,  is  greater  than  the  distance  from  the  fulcrum  to 
that  end  under  the  timber.  Handspikes  are  levers  of  this  kind, 
and  by  these  the  heaviest  cannon  are  moved. 

C  It  must  be  very  considerable,  for  I  have  seen  two  or  three 
men  move  a  tree,  in  liiis  way,  of  several  tons*  weight,  I  should 
think. 

F.  That  is  not  difficult ;  for  supposing  a  lever  to  gain  the 
advantage  of  twenty  to  one,  and  a  man  by  his  natural  strength 
is  able  to  move  but  a  hundred- weight,  he  will  find  that  by  a  lever 
of  this  sort  he  can  move  twenty  hundred- weight,  or  a  ton  ;  but 
for  single  exertions,  a  strong  man  can  put  forth  much  greater 
power  than  is  sufficient  to  move  a  hundred-weight ;  and  levers 
are  also  frequently  used,  the  advantage  gained  by  which  is  still 
more  considerable  than  twenty  to  one. 

There  is  another  method,  by  means  of  a  lever  of  the  first  kind, 
of  moving,  and  even  of  pulling  trees  up  by  their  roots.  A  strong 
scantling  of  timber,  fixed  perpendicularly  to  the  axle  of  a  pair  of 
oart  wheels,  is  strapped  firmly  to  the  tree ;  and  when  the  lateral 
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roots  are  cut  by  digging  a  trench  round  it,  the  tap  root  or  roots 
are  easily  torn  up  by  a  team  of  two  or  three  horses;  for  the  tree 
itself  becomes  the  lever,  and  the  axle  of  the  wheels  its  fulcrum. 

C  I  think  you  said,  the  other  day,  that  the  common  steelyard, 
made  use  of  by  the  butcher,  is  a  lever  ? 

F,  I  did ;  tne  short  arm  a  g  (see  figs.  18  and  19.)  is,  by  an 
increase  in  size,  made  to  balance  the  longer  one  b  c,  and  from 
c,  the  centre  of  motion,  the  divisions  must  commence.  Now  if 
B  c  be  divided  into  as  many  parts  as  it  will  contain,  each  equal 
to  A  c,  a  single  weight,  as  a  pound,  p,  will  serve  for  weighing 
any  thing  as  heavy  as  itself,  or  as  manv  times  heavier  as  there 
are  divisions  in  the  arm  c.  If  the  weight  p  be  placed  at  the  di- 
vision 1,  in  the  arm  b  c,  it  will  balance  one  pound  in  the  scale 
at  A ;  if  it  be  removed  to  3,  5,  or  7,  it  will  balance  3,  5,  or  7 
pounds  in  the  scale ;  for  these  divisions  being  respectively  3,  5, 
or  7  times  the  distance  from  the  centre  of  motion,  c,  that  a  is, 
it  becomes  a  lever,  which  gains  advantage  at  those  points,  in  the 
proportion  of  3, 5, 7<  If  how  the  intervals  between  the  divisions 
on  the  longer  arm  be  subdivided  into  halves,  quarters,  &c.,  any 
weight  may  be  accurately  ascertained,  to  halves,  quarters  of 
pounds,  &c. 


CONVERSATION  XVI. 
Of  the  Lever, 

J3,  What  advantage  has  the  steelyard,  which  you  described  in 
our  last  Conversation,  over  a  pair  of  scales  ? 

F.  It  may  be  much  more  readily  removed  from  place  to  place ; 
it  requires  no  apparatus,  and  only  a  single  weight  for  all  the  pur- 
poses to  which  it  can  be  applied.  Sometimes  the  arms  are  not  of 
equal  weight ;  in  that  case  the  weight  p  must  be  moved  alon^  the 
arm  b  c,  till  it  exactly  balance  the  other  arm  without  a  weisht ; 
and  in  that  point  a  notch  must  be  made,  marking  over  it  a  ci^er, 
Of  from  whence  the  divisions  must  commence. 

C,  Is  not  ^eat  accuracy  required  in  the  manufacture  of  instru- 
ments of  this  kind  ? 

F.  Yes ;  of  such  importance  is  it  to  the  public  that  there  should 
be  no  error  or  fraud  by  means  of  false  weights,  or  false  balances, 
that  it  is  the  business  of  certain  public  officers  to  examine  at 
stated  seasons  the  weights,  measures,  &c.,  of  every  shopkeeper  in 
the  land.  Yet  it  is  to  be  feared,  that,  after  all  precautions,  much 
fraud  is  practised  upon  the  unsuspecting. 

J2.  I  one  day  last  summer  bought,  as  I  supposed,  a  pound 
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of  cherries  at  the  door ;  but  Charles  thinking  there  was  not  a 
pound,  we  tried  them  in  our  scales,  and  found  but  twelve  ounces, 
or  three  quarters,  instead  of  a  pound,  and  yet  the  scale  went 
down  as  if  the  man  had  given  me  full  wei^t.  How  was  that 
managed? 

F.  It  might  be  donemanj  wajs :  bj  short  weights ;  or  by  the 
scale  in  which  the  fruit  was  put  being  heavier  than  the  other  ;-— 
but  fraud  may  be  practised  with  .honest  weights  and  scales  by 
niftlrifig  the  arm  of  tne  balance  on  which  the  weight  hangs  shorter 
tlian  £e  other,  for  then  a  pound  weight  will  be  balanc^  bv  less 
fruit  than  a  pound ;  this  was  probably  the  method,  by  which  you 
were  cheated. 

E,  By  what  method  could  I  have  discovered  this  cheat  ? 

jP.  The  scales  when  empty  are  exactly  balanced,  but  when 
loaded,  thoush  still  in  equilibrio,  the  weights  are  unequal,  and 
the  deceit  is  mstantly  discovered  by  changing  the  weights  to  the 
oontraiT  scales.  I  will  give  you  a  rule  to  find  the  true  weight 
of  any  body  by  such  a  f^se  balance ;  the  reason  of  the  rule  you 
will  understand  hereafter :  ^*  Find  the  weights  of  the  body  by 
both  scales,  multiply  them  together,  and  then  find  the  square  root 
of  the  product^  which  is  the  true  weight** 

C.  Let  me  see  if  I  understand  the  rule :  suppose  a  body 
weigh  16  ounces  in  one  scale,  and  in  the  other  12  ounces  and  a 
quarter,  I  multiply  16  by  12  and  a  quarter,  and  I  get  the  pro- 
duct, 196,  the  square  root  of  which  is  14 :  for  14  multiplied  into 
itself  gives  196;  therefore  the  true  weight  of  the  body  is  14 
ounces. 

F,  That  is  just  what  I  meant ;  but  let  me  proceed.  —  To  the 
lever  of  the  first  kind  may  be  referred  many  common  instruments, 
such  as  sdssors,  pincers,  snuffers,  &c.,  which  are  made  by  two 
levers,  acting  contrary  to  one  another. 

£,  The  nvet  is  the  fulcrum,  or  centre  of  motion,  the  hand  the 
power  used,  and  whatever  is  to  be  cut  is  the  resistance  to  be 
overcome. 

C  A  poker  stirring  the  fire  is  also,  as  you  hinted  yesterday,  a 
lever ;  for  the  bar  is  the  fulcrum,  the  hand  the  power,  and  the 
coals  the  resistance  to  be  overcome. 

F.  We  now  proceed  to  levers  of  the  second  kind,  in  which  the 
fulcrum  c  (fig.  20.)'  is  at  one  end,  the  power  p  applied  at  the  other 
B,  and  the  weight  to  be  raised  w,  somewhere  between  the  fulcrum 
and  the  power. 

C  And  how  is  the  advantage  gained  to  be  estimated  in  this 
lever  ? 

F,  By  looking  at  the  fi^re,  you  will  find  that  power  or  advan- 
tage is  gained  in  proportion  as  the  distance  b,  the  point  at  which 
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the  power  t  acts,  b  greater  than  the  distance  of  the  weight  w 
from  the  fulcrum. 

C  Then  if  the  weight  hang  at  one  inch  from  the  falcmm,  and 
the  power  acts  at  five  inches  from  it,  the  power  giuned  is  five  to 
one,  or  one  pound  at  p  will  balance  five  at  w  ? 

JF*.  It  will ;  for  you  perceive  that  the  power  passes  over  five 
times  as  great  a  space  as  the  weight,  or  while  the  point  a  in 
the  lever  moves  over  one  inch,  the  point  b  will  move  over  five 
inches. 

E.  What  things  in  common  use  are  to  be  referred  to  the  lever 
of  the  second  kind  ? 

F.  The  most  common  and  useful  of  all  thin^ :  every  door,  for 
instance,  which  turns  on  hinges  is  a  lever  of  this  sort.  The  hinges 
maj  be  considered  as  the  fulcrum  or  centre  of  motion,  the  whole 
door  is  the  weight  to  be  moved,  and  the  power  is  implied  to  that 
side  on  which  toe  lock  is  usually  fixed. 

E,  Now  I  see  the  reason  why  there  is  considerable  difficulty  in 
pushing  open  a  heavy  door,  if  the  hand  is  applied  to  the  part  next 
the  hinges,  although  it  may  he  opened  with  the  greatest  ease  in 
the  usual  method. 

C  This  sofa,  with  my  sister  upon  it,  represents  a  lever  of  thd 
second  kind  ? 

F.  Certainly ;  if,  while  she  is  sitting  upon  it  in  the  middle,  you 
raise  one  end  while  the  other  remains  fixed  as  a  prop  or  fulcrum. 
To  this  kind  of  lever  may  be  also  reduced  nut-crackers ;  oars ; 
rudders  of  ships ;  those  cutting^knives  which  have  one  end  fixed 
in  a  block,  such  as  are  used  for  cutting  chafi*,  drugs,  wood  for 
pattens,  &c. 

E.  I  do  not  see  how  oars  and  rudders  are  levers  of  this  sort. 

jP.  The  boat  is  the  weight  to  be  moved,  the  water  is  the  ful- 
crum, and  the  waterman  at  the  handle  the  power.  The  masts  of 
ships  are  also  levers  of  the  second  kind,  for  the  bottom  of  the 
vessel  is  the  fulcrum,  the  ship  the  weight,  and  the  wind  acting 
against  the  sail  is  the  moving  power. 

The  knowledge  of  this  principle  may  be  useful  in  many  situa- 
tions and  circumstances  of  life:  —  if  two  men  unequal  in 
strength  have  a  heavy  burden  to  carry  on  a  pole  between  them,' 
the  ability  of  each  may  be  consulted  by  placing  the  burden  as 
much  nearer  to  the  stronger  man  as  his  strength  is  greater  ^an 
that  of  his  partner. 

E,  Which  would  you  call  the  prop  in  this  case  ? 

F,  The  stronger  man,  for  the  weight  is  nearest  to  him,  and 
then  the  weaker  must  be  considered  as  the  power.  Again,  two- 
horses  may  be  so  yoked  to  a  carriage  that  each  shall  draw  a 
part  proportioned  to  his  strength,  by  dividing  i^e  beam  in  sncl^ 
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a  numner,  tkat  the  point  of  traction,  or  drawing,  may  be  as 
much  nearer  to  the  stronger  horse  than  to  the  weaker,  as  the 
strength  of  the  former  exceeds  that  of  the  hitter. 

The  principle  of  the  wheelbarrow  maj  be  referred  to  a  lever 
of  the  second  kind.  The  fulcrum  c  maj  be  considered  as  the 
wheel,  w  the  load,  and  b  the  place  where  the  hands  are  applied ; 
hence  a  man  is  enabled  to  <hrive  or  drag  a  much  heavier  load 
than  he  could  carry,  because  his  power  at  b  is  applied  farther 
from  the  centre  of  motion  c  than  the  weight  w. 

We  will  now  describe  the  third  kind  of  lever.  In  this  the 
prop  or  fulcnun  c  (as  in  fig.  21.)  is  at  one  end,  the  weight  w  at 
the  other,  and  the  power  p  is  applied  at  b,  somewhere  between 
theprop  and  weight. 

Ct  In  this  case,  the  weight,  being  farther  from  the  centre  of 
motion  than  the  power,  must  pass  uirough  more  space  than  it. 

F.  And  what  is  the  consequence  of  that  ? 

C  That  the  power  must  be  greater  than  the  weight,  and  as 
much  greater  as  the  distance  of  the  weight  from  the  jNrop  ex- 
ceeds the  distance  of  the  power  from  it ;  that  is,  to  balance 
a  weight  of  three  pounds  at  a^  there  will  require  the  exertion 
of  a  power  p,  acting  at  b,  equal  to  five  pounds. 

F.  Since  then  a  lever  of  this  kind  is  a  disadvantage  to  the 
moving  power,  it  is  but  seldom  used,  and  only  in  cases  of  ne- 
cessity ;  such  as  in  that  of  a  ladder,  which,  being  fixed  at  one  end 
against  a  wall  or  other  obstacle,  is,  by  the  stren^  of  a  man*s 
arm,  raised  into  a  perpendicular  or  vertical  position.  But  the 
most  important  application  of  this  third  kind  of  lever  is  manifest 
in  the  structure  of  the  limbs  of  animals,  particularly  in  those  of 
man :  to  take  the  arm  as  an  instance ;  wnen  we  lift  a  weight  by 
the  hand,  it  is  effected  by  means  of  muscles  coming  from  the 
shoulder-blade,  and  terminating  about  one-tenth  as  far  below 
the  elbow  as  the  hand  is :  now  the  elbow  being  the  centre  of 
motion  round  which  the  lower  parts  of  the  arm  turn,  according 
to  the  principle  just  laid  down,  the  muscles  must  exert  a  force 
ten  times  as  great  as  the  weight  that  is  raised.  At  first  view 
this  ma^  appear  a  disadvantage,  but  what  is  lost  in  power  is 
gained  m  velocity,  and  thus  the  human  figure  is  better  adapts 
to  the  various  functions  it  has  to  perform. 


CONVERSATION  XVH. 

Ofihe  Wheel  and  Axle, 

^  F,  Well,  Emma,  do  vou  understand  the  principle  of  the 
lever,  which  we  discussed  so  much  at  large  yesterday  f 
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E.  The  lever  guns  advantage  in  proportion  to  the  space 
passed  through  by  the  acting  power ;  that  is,  if  the  weight  to  be 
rused  be  at  the  distance  of  one  inch  from  the  fulcrum,  and  the 
power  is  applied  nine  inches  distant  from  it,  then  it  is  a  lever 
which  gains  advantage  as  9  to  1,  because  the  space  passed 
through  bj  the  power  is  nine  times  greater  than  that  passed 
through  by  the  weight ;  and,  therefore,  what  is  lost  in  time  by 
passing  through  a  greater  space,  is  gained  in  power. 

F.  You  recollect  also  what  the  different  kmds  of  levers  are, 
I  hope. 

JS.  I  shall  never  see  the  fire  stirred  without  thinking  of  a 
simple  lever  of  the  first  kind ;  my  scissors  will  frequently  re- 
mind me  of  a  combination  of  two  levers  of  the  same  sort.  The 
opening  and  shutting  of  the  door  will  prevent  me  from  for- 
getting the  nature  of  the  lever  of  the  second  kind :  and  I  am 
sure,  that  I  shall  never  see  a  workman  raise  a  ladder  against  a 
house  without  recollecting  the  third  sort  of  lever.  Besides,  I 
believe  a  pair  of  tongs  is  a  lever  of  this  kind. 

F.  You  are  right ;  for  the  fulcrum  is  at  the  joint,  and  the 
power  is  applied  oetween  that  and  the  parts  used  in  taking  up 
coals,  &c. —  Can  you,  Charles,  tell  us  how  the  principle  of 
momentum  applies  to  the  lever  ? 

C,  The  mcmentum  of  a  bodv  is  estimated  by  its  weight,  mul- 
tiplied into  its  velocity,  and  the  velocity  must  be  calculated  by 
the  space  passed  through  in  a  given  time.  Now,  if  I  examine 
the  lever  (see  figs.  17.  and  18.)  and  consider  it  as  an  inflexible 
bar,  turning  on  a  centre  of  motion,  it  is  evident  that  the  same 
time  is  used  for  the  motion  both  of  the  weight  and  the  power, 
but  the  spaces  passed  over  are  very  different ;  that  which  the 
power  passes  through  being  as  much  greater  than  that  passed 
by  the  weight,  as  the  length  of  the  distance  of  the  power  from 
the  prop  is  greater  than  the  distance  of  the  weight  from  the 
prop ;  and  the  velocities,  being  as  the  spaces  passed  in  the 
same  time,  must  be  greater  in  the  same  proportion.  Conse- 
quently the  velocity  of  p,  the  power,  multiplied  into  its  weight, 
will  be  equal  to  the  smaller  velocity  of  w,  multiplied  into  its 
weight,  and  thus,  their  momenta  being  equal,  they  will  balance 
one  another. 

JF*.  This  applies  to  the  first  and  second  kind  of  lever;  what  do 
you  say  to  the  third  ? 

C,  In  the  third,  the  velocity  of  the  power  p,  being  less  than 
that  of  the  weight  w,  it  is  evident,  in  order  that  their  momenta 
may  be  equal,  that  the  weight  acting  at  p  must  be  as  much  greater 
than  that  of  w,  as  a  c  is  less  than  bc,  and  then  they  will  be  in 
equilibrio. 
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Fig.  S3. 


^.  The  second  mecha- 
nical power  is  the  wheel 
and  axle,  which  gains 
power  in  proportion  as 
the  circumference  of  the 
wheel  is  greater  than  that 
of  tbe  aads;  this  machine 
maj  be  referred  to  tbe 
principle  of  the  lever. 
▲B  is  the  wheel,  qd  its  axis:  and  if  tbe  circumference  of  the 
wheel  be  eight  times  as  great  as  that  of  the  axis,  then  a  single 
pound,  p,  will  balance  a  weight,  w,  of  eight  pounds. 

C  lait  by  an  instrument  of  this  kind  that  water  is  drawn  from 
those  deep  wells  so  common  in  many  parts  of  the  country  ? 

F.  It  is ;  but  as  in  most  cases  of  this  kind  only  a  single  bucket 
is  raised  at  once,  there  requires  but  little  power  in  the  operation, 
and  therefore  instead  of  a  large  wheel,  as  a  b,  an  iron  handle 
fixed  at  Q  is  made  use  of,  which,  you  know,  by  its  circular 
motion,  answers  the  purpose  of  a  wheel. 

C  I  once  raised  some  water  by  a  machine  of  this  kind,  and  I 
found  that  as  the  bucket  ascended  nearer  the  top  the  difficulty 
increased. 

F.  That  must  always  be  the  case,  where  the  wells  are  so  deep 
as  to  cause,  in  the  ascent,  the  rope  to  coil  more  than  once  tbe 
length  of  the  axis,  because  the  advantage  gained  is  in  proportion 
as  the  circumference  of  the  wheel  is  greater  than  that  of  the 
axis ;  so  that  if  the  circumference  of  the  wheel  be  12  times 
greater  than  that  of  the  axis,  one  pound  applied  at  the  former 
will  balance  12  hanging  at  the  latter ;  but  by  the  coiling  of  the 
Tope  round  the  axis,  the  difference  between  the  circumference  of 
the  wheel  and  that  of  the  axis  continually  diminishes ;  conse- 
quently the  advantage  gained  is  less  every  time  a  new  coil  of 
rope  is  wound  on  the  whole  length  of  the  axis :  this  explains  why 
the  difficult  of  drawing  the  water  or  any  other  weight  increases 
as  it  ascend[s  nearer  the  top.  But  in  this  case,  as  in  that  of  the 
mere  lever,  what  you  lost  in  power,  you  gained  in  time ;  for, 
with  the  same  velocity  of  the  handle,  the  bucket  rose /aster  as  it 
arrived  at  the  top  of  its  course. 

C  Then  by  diminishing  the  axis,  or  by  increasing  the  length 
of  tl^e  handle,  advantage  is  gained  ? 

F.  Yes,  by  either  of  those  methods  we  may  gain  power ;  but 
it  is  yery  evident  that  the  axis  cannot  be  diminished  beyond  a 
certain  limit,  without  rendering  it  too  weak  to  sustain  the 
weight ;  nor  can  the  handle  be  managed  if  it  be  constructed  on 
a  scale  much  larger  than  what  is  commonly  used. 
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C  We  must  then  have  recourse  to  the  wheel  with  spikes  stand- 
ing out  of  it  at  certain  distances  from  each  other  to  serve  as 
levers. 

F,  You  may  by  thb  means  increase  your  power  according  to 
your  wish,  but  it  must  be  at  the  expense  of  time,  for  you  know 
that  a  simple  handle  may  be  turned  several  times  while  you  are 
pulling  the  wheel  round  once. 

To  the  principle  of  the  wheel  and  axle  may  be  referred  the  cap- 
stan, windlass,  and  all  those  numerous  kinds  of  cranes,  which  are 
to  be  seen  at  the  different  wharfs  on  the  banks  of  the  Thames. 

C  I  have  seen  a  crane,  which  consists  of  a  wheel  large  enough 
for  a  man  to  walk  in. 

F.  In  this  the  weight  of  the  man,  or  men  (for  there  are  some- 
times two  or  three),  is  the  moving  power ;  for  as  the  man  steps' 
towards,  the  part  upon  which  he  treads  becomes  the  heaviest, 
and  consequently  descends  till  it  be  the  lowest.  On  the  same 
principle,  you  may  see  at  the  door  of  many  bird-cage  makers,  a 
bird,  by  its  weight,  give  a  wicker  cage  a  circular  motion;  now 
if  there  were  a  small  weight  suspended  to  the  axis  of  the  cage,  the 
bird  by  its  motion  would  draw  it  up,  for  as  it  hops  from  the 
bottonr  bar  to  the  next,  its  momentum  causes  that  to  descend, 
and  thus  the  operation  is  performed,  both  with  regard  to  the: 
cage,  and  to  those  large  cranes  which  you  have  seen. 

The  wheel  of  the  tread-mill  is  analogous  to  this;  differing  only 
in  the  men  bein?  on  instead  of  within  the  wheel :  the  long  wheel 
is  furnished  with  boards,  and  the  men  step  up,  and  up,  and  up, 
and  so  press  the  wheel  round. 

£!,  Is  there  no  danger  if  the  man  happen  to  slip  ? 

F.  If  the  weight  be  very  great,  a  slip  with  the  foot  may  be 
attended  with  very  dangerous  consequences.  To  prevent 
which,  there  is  generally  fixed  at  one  end  of  the  axle  a  little 
wheel,  G  (see  fig.  22.),  called  a  rachet- wheel ;  with  a  catch,  h, 
to  fall  into  its  teeth ;  this  will  at  any  time  support  the  weight 
in  case  of  an  accident.  Sometimes,  instead  of  men  walking  in 
the  great  wheel,  cogs  are  set  round  it  on  the  outside,  and  a 
small  trundle  wheel  made  to  work  in  the  cogs,  and  to  be  turned 
by  a  winch. 

C  Are  there  not  other  sorts  of  crai^es,  in  which  all  danger 
i|  avoided? 

F,  The  crane  is  a  machine  of  such  importance  to  the  com- 
mercial concerns  of  this  country,  that  new  inventions  of  it  are 
continually  offered  to  the  public:  I  will,  when  we  go  to  the 
library,  show  you  in  the  volumes  of  the  ^*  Transactions  of  the 
Society  for  the  Encouragement  of  Arts,**  &c.,  engravings  of 
tuafe  and  excellent  cran^ 
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C>  Yon  Hid  that  this  mecHuucal  power  might  be  conndered 
IB  a  lever  of  the  first  kind. 

F.  I  did ;  and  if  jou  CDnceive  the 
wheel  and  axis  to  be  cut  through  the 
nuddle  in  the  direction  a  b,  r  s  b  will 
represent  a  section  of  it.  a  b  ia  a  lever, 
whose  centre  of  motion  is  c ;  the  weight 
w,  suatuned  hj  the  rope  A  w,  is  apphed 
at  the  distance  c  a,  the  radiua  of  the 
axis ;  and  the  power  p,  acting  in  the  di- 
rection B  p,  is  applied  at  the  dietanee 
c  B,  the  radius  of  the  wheel ;  therefore, 
according  to  the  principle  of  the  lever, 
the  power  will  balance  the  weight  when 
it  is  as  much  less  than  the  wei);ht  as 
the  distance  c  b  is  greater  than  the  dis- 
tance of  the  weight  A  C. 


CONVERSATION  XVni. 
0/tte  JWfcy. 
F.  The  tlrird  mechanical  power,>tbe  puOty,  may  be  likewise 
ezpluned  on  the  principle  of  the  lever.    The  line  a  b  may  be 
'  to  be  a  lever,  whose  arms,  a  c  and  b  c,  are  equal, 
fulcrum,  or  centre  of  motion.     If  now  two  equal 
■  weights,  w  and  p,  be  hung  on  the  cord 

IF  passing  over  the  pulley,  they  will  balance 
one  another,  and  the  iuJcrum  will  sustain 
both. 

C.  Does  this  pulley  then,  like   the 


F.  From  the  single  ^ed  pulley  no 
mechanical  advantage  is  derived;  it  is, 
nevertheleas,  of  great  importance  in 
changing  the  direction  of  a  power,  and 
is  very  much  used  in  buildings  for  draw- 
ing up  small  weights,  it  being  much 
easier  for  a  man  to  ruee  such  burdens 
by  means  of  a  single  pulley,  than  to  carry 
them  up  a  long  ladder ;  especially  as 
he  has  the  advantage  (^  placing  the 
and  by  pulling  downwards  adtung  his  own 


pulley  atx 

w^EDt  to  bis  strength. 
£,  Why  if  it  caUed  a  mechanical  power  T_ 
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Fig.  85. 


F,  Though  a  single  fixed  ^ullej  gives  no  advantage,  jet 

when  it  is  not  fixed,  or  when  two  or 
more  are  combined  into  what  is  called  a 
system  of  pulleys,  thej  then  possess  all 
the  properties  of  the  other  mechanical 
powers.  Thus  in  c  d  b,  c  is  the  fulcrum ; 
therefore  a  power  p  acting  at  b,  will  sus- 
tain a  double  weight  w,  acting  at  a^  for 
B  G  is  double  the  distance  of  a  c  from  the 
fulcrum. 

Again,  it  is  evident,  in  the  present  case, 
that  the  whole  weight  is  sustained  by  the 
cord  B  D  p,  and  whatever  sustains  half  the 
cord,  sustains  also  half  the  weight ;  but 
one  half  is  sustained  by  the  fixed  hook  e, 
consequently  the  power  at  p  has  only  the 
other  half  to-  sustain,  or,  in  other  words, 
any  given  power  at  p  will  keep  in  equili« 
brio  a  double  weight  at  w. 

C  Is  the  velocity  of  p  double  that  of  w  ? 
F.  Undoubtedly ;  if  you  compare  the  space  passed  through 
by  the  hand  at  p  with  that  passed  by  w,  you  will  find  that  the 
.  former  is  just  double  of  the  latter,  and  there- 

fore the  momenta  of  the  power  and  weight,  as 
in  the  lever,  are  equal;  so  that  here  again, 
what  is  gained  in  power  is  lost  in  time. 

C  So  that,  if  tne  weight  be  raised  an  inch 
or  a  foot,  both  sides  of  the  cord  must  also  be 
raised  an  inch,  or  foot,  but  this  cannot  happen 
without  that  part  of  the  cord  at  p  passing 
through  two  inches,  or  two  feet  of  space. 

JF*.  xou  will  now  easily  infer,  n'om  what 
has  been  shown  of  the  single  movable  pulley, 
that,  in  a  system  of  pulleys,  the  power  gained 
must  be  estimated  by  doubling  the  number 
of  pulleys  in  the  lower  or  movaHe  block.  So 
that,  when  the  fixed  block  x  contains  two 
pulleys,  which  only  turn  on  their  axes,  and 
the  lower  block  y  contains  also  two  puUeys, 
which  not  only  turn  on  their  axes,  but  also 
rise  with  the  weight,  the  advantage  is  as  four; 
that  is,  a  single  pound  at  p  will  sustain  four 
at  w. 

C  In  the  present  instance,  also,  I  perceive 
Tig.  se.         that  by  raiaii^;  w  an  inch,  there  are  four  ropes 
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•bortened  each  an  inch,  uid  therefore  the  hand  must  have  passed 
through  four  inches  of  space  in  raising  the  weight  a  single  inch ; 
which  eatabliehes  the  niizim,  that  whst  is  gained  in  power  is 
lost  ins^e.  But  jouhaTConlj  talked  of  the  power  of  balancing 
or  Bostainin^  ^e  weight ;  something  more  must,  I  suppose,  be 

F.  There  must;  considerable  allowance  nmst  likewise  be 
made  for  the  fHction  of  the  cords,  and  of  the  pivots,  or  axes,  on 
which  the  pullejs  turn.  In  the  mechanical  powers,  in  general, 
one  third  of  the  power  must  be  added  for  the  loss  sustained  bj 
fric^on,  and  for  the  imperfect  manner  in  which  machines  m 
oonunonlT  constructed.  Thus,  if  bj  theory  }iou  gain  a  power 
of  GOO,  iQ  practice  jou  must  reckon  onlj  upon  400.  In  the 
pullejs  that  we  have  been  describing,  writers  have  noticed  tbre« 
things,  which  take  much  from  the  ceneral  advantage  and  con- 
venience of  pullejs  as  a  mechanic^  power.  The  ^*l  is,  that 
the  diameters  of  the  axes  bear  a  great  proportion  to  their  own 
diameters.  The  aecoud  is,  that  in  working  thev  are  apt  to  rub 
acunat  one  another,  or  against  the  side  of  Uie  block.  The  third 
disadvantage  is  the  stiuness  of  the  rope  that  goes  over  and 
und^  them. 

'  The  first  two  objections  have  been,  in  a  great  degree,  removed 
hj  the  coDcentric  pulley,  invented 
by  Mr.  James  White  j  b  is  a  solid 
block  of  brass,  in  which  ffrooves  are 
cat,  in  the  proporUon  of  1,  3,  5,  7, 
9,  &c. ;  and  a  is  another  block  of 
the  same  kind,  whose  grooves  are  in 
the  proportion  of  2,  4,  6,  8,  10,  &C., 
and  round  these  grooves  a  cord  is 
passed,  bj  which  means  thejr  answer 
the  purpose  of  so  many  distinct  pul- 
leys, every  point  of  which  moving 
with  the  velocity  of  the  string  in 
contact  with  it,  the  whole  iricljon 
is  removed  to  the  two  centres  erf* 
motion  of  the  blocks  *  and  n :  be- 
sides, it  is  of  no  small  advantage, 
that  the  pulleys  being  all  of  one 
piece,  there  is  no  rubbing  one 
agunst  the  other. 

£.  Do  you  calculate  the  power 
gained  by  this  pulley  in  the  same 
method  as  with  the  cammon  pul- 
leys f 
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F.  Yes ;  for  pulleys  of  every  kind  the  rule  is  general ;  the 
advantage  gained  is  found  by  doubling  the  number  of  the  pulleys 
in  the  lower  block :  in  that  before  you  there  are  six  grooves, 
which  answer  to  as  many  distinct  pulleys,  and  consequently 
the  power  gained  is  twelve,  or  one  pound  at  p  will  balance 
twelve  pounds  at  w. 


CONVERSATION  XIX. 
Of  the  Inclined  Plane. 

F,  We  may  now  describe  the  inclined  plane,  which  is  the. 
fourth  mechanical  power. 

C  You  will  not  be  able,  I  think,  to  reduce  thb  also  to  the 
principle  of  the  lever. 

F,  No,  it  is  a  distinct  principle,  and  some  writers  on  these 
subjects  reduce  at  once  the  six  mechanical  powers  to  two,  viz, 
the  lever  and  inclined  plane. 

F,  How  do  you  estimate  the  advantage  gained  by  this  me- 
chanical power  ? 
F.  The  method  is  very  easy ;  for  just  as  much  as  the  length. 

of  the  plane  exceeds  its  perpendicular 
height  so  much  is  the  advantage 
gained.  Suppose  a  b  is  a  plane  stand- 
mg  on  the  table,  and  c  d  another 
plane  inclined  to  it ;  if  the  length  c  d 
be  three  times  sreater  than  the  per- 
^B  pendicular  height ;  then  the  cylinder 
^'  **•  E  will  be  supported  upon  the  plime 

c  D,  by  a  weight  equal  to  a  third  part  of  its  own  weight. 

F.  Could  I  then  draw  up  a  weight  on  such  a  plane  with  a 
third  part  of  the  strength  that  I  must  exert  in  lifting  it  up  at 
the  end  ? 

F,  Certainly  you  might ;  allowance,  however,  must  be  made 
for  overcoming  the  friction ;  but  then  you  perceive,  as  in  other 
mechanical  powers,  that  you  will  have  three  times  the  space  to 
pass  over,  or  that  as  you  gain  power  you  will  lose  time. 

C.  Now  I  understand  the  reason  why  two  or  three  strong 
planks  are  laid  ftom  the  street  to  the  ffround-floor  warehouses, 
making  therewith  an  inclined  plane,  wnen  heavy  packages  are 
raised  or  lowered. 

F.  The  inclined  plane  b  chiefly  used  for  raising  heavy  weights 

to  small  heights ;  for  in  warehouses  situated  in  the  upper  part  of 

buildings,  cranes  and  pulleys  are  better  adapted  for  tne  purpose. 

C  I  have  sometimes  amused  myself  by  observing  the  di^er- 
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ence  of  time  which  one  marble  has  taken  to  roll  down  a  smooth 
board,  and  another  which  has  fallen  by  its  own  gravity  without 
any  support. 

JF*.  And  if  it  were  a  long  plank,  and  you  took  care  to  let  both 
marbles  drop  from  the  hand  at  the  same  instant,  I  dare  say  you 
found  the  difference  very  evident. 

C.  I  did ;  and  now  vou  have  enabled  me  to  account  for  it  veiy 
satisfactorily,  by  showing  me  that  as  much  more  time  is  spent  in 
raising  a  body  along  an  inclined  plane,  than  in  lifting  it  up  at 
the  end,  as  that  plane  is  longer  than  its  perpendicular  height. 
For  I  take  it  for  granted  that  the  rule  holds  in  the  descent  as 
well  as  in  the  ascent. 

F.  If  you  have  any  doubt  remaining,  a  few  words  will  make 
everything  clear.  Suppose  your  marbles  placed  on  a  plane  per- 
fectly horizontal,  as  on  this  table,  they  will  remain  at  rest 
wherever  they  are  placed :  now  if  you  elevated  the  plane  in  such 
a  manner  that  its  height  should  be  equal  to  half  the  length  of  the 
plane,  it  is  evident,  from  what  has  been  shown  before,  that  the 
marbles  would  require  a  force  equal  to  half  their  weight  to  sus- 
tain  them  in  any  particular  position :  suppose  then  the  plane 
perpendicular  to  the  table,  the  marbles  will  descend  with  their 
whole  weight,  for  now  the  plane  contributes  in  no  respect  to 
support  them,  consequently  they  would  require  a  power  equal 
to  tneir  whole  weight  to  keep  them  from  descending. 

C  And  the  swiftness  with  which  a  body  falls  is  to  be  estimated 
by  the  force  with  which  it  was  acted  upon  ? 

JF*.  Certainly ;  for  you  are  now  sufficiently  acquainted  with 
philosophy  to  know  that  the  effect  must  be  estimated  from  the 
cause.  Suppose  an  inclined  plane  is  thirty-two  feet  long,  and 
its  perpendicular  height  is  sixteen  feet,  what  time  will  a  marble 
take  in  falling  down  the  plane,  and  also  in  descending  from  the 
top  to  the  earth  by  the  force  of  gravity  ? 

C  By  the  attraction  of  gravitation,  a  body  falls  sixteen  feet 
in  a  second ;  therefore  the  marble  will  be  one  second  in  falling 
perpendicularly  to  the  ground ;  and  as  the  length  of  the  plane 
IS  double  its  height,  the  marble  must  take  two  seconds  to  roll 
down  it. 

F,  I  will  try  you  with  another  example.  If  there  be  a  plane 
64  feet  perpendicular  height,  and  3  times  64,  or  192  feet  long, 
tell  me  what  time  a  marble  will  take  in  falling  to  the  earth  by 
the  attraction  of  gravity,  and  how  long  will  it  be  in  descending 
down  the  plane? 

C,  By  the  attraction  of  gravity  it  will  fall  in  two  seconds ; 
because  by  multiplying  the  sixteen  feet  which  it  falls  in  the  first 
second  by  the  square  of  two  seconds  (the  time)  or  four,  I  get 

E  3 
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sixty-four,  the  height  of  the  plane.  But  the  plane  being  three 
times  as  long  as  it  is  perpendicularly  high,  it  must  be  three  times 
as  many  seconds  in  rolling  down  the  plane  as  it  was  in  descend- 
ing freely  by  the  force  of  gravity,  that  is,  six  seconds.* 

E,  Pray  what  common  mstruments  are  to  be  referred  to  this 
mechanical  power,  in  the  same  way  as  scissors,  pincers,  &c.,  are 
referred  to  the  lever  ? 

F.  Chisels,  hatchets,  and  whatever  other  sharp  instruments 
which  are  chamfered,  or  sloped  down  to  an  edge  on  one  side 
only,  may  be  referred  to  the  principle  of  the  inclined  plane. 

The  principle  of  the  inclined  plane  is  applied  in  the  construe** 
tion  of  carriage-ways,  for  the  conveyance  of  heavy  loads  up 
steep  elevations ;  also  in  railways,  &c.  In  crossing  Westminster 
bridge,  or  in  passing  Holbom  hill,  you  may  have  frequently  ob- 
served the  plan  adopted  by  a  carman  to  enable  his  horses  to 
ascend  when  their  load  is  unusually  heavy;  instead  of  going 
directly  forward^  he  leads  them  gradually  onward,  by  crossing 
the  road  from  side  to  side :  he  increases  the  distance  or  time^ 
but  he  is  relieved  from  the  difficulty  of  ascent. 


CONVERSATION  XX. 
Of  (he  Wedge. 

-^  F.  The  next  mechanical  power  is  the  wedge, 
which  is  made  up  of  the  two  inclined  planes  d  e  f  6 
and  G  E  F  G  joined  together  at  their  bases  e  e  f  6 ; 
D  G  is  the  whole  thickness  of  the  wedge  at  its  back 
A  B  G  D,  where  the  power  is  applied,  and  d  f  and 
c  F  are  the  length  of  its  sides ;  now  there  will  be 
an  equilibrium  between  the  power  impelling  the 
wedge  downward,  and  the  resistance  of  the  wood 
or  other  substance  acting  against  its  sides,  when 
the  thickness  d  g  of  the  wedge  is  to  the  length  of  the  two  sides, 
or,  which  is  the  same  thing,  when  half  the  thickness  d  e  of  the 
wedge  at  its  back  is  to  the  length  of  d  f  one  of  its  sides,  as  the 
power  is  to  the  resistance. 

C,  This  is  the  principle  of  the  inclined  plane. 
F.  It  is;  and  notwithstanding  all  the  disputes  which  the 
methods  of  calculating  the  advantage  gained  by  the  wedge  have 

«  In  what  is  abore  taught,  no  notice  ii  taken  of  the  effect  of  roUUicn  upon  bodies  de- 
■cending  along  an  inclined  plane.  Considerable  Tarieties  oocnr  in  the  times  of  actual 
descent,  in  bodies  of  different  shape,  as  cylinders  and  spheres ;  and  according  as  they  are 
solid  or  hollow.  This  is  an  interesting  topic  of  theoretical  inquiry,  but  too  intricate  for 
perspicuous  explication  in  a  popular  work  like  ours.  The  inquisitiTe  reader  may  consult 
the  more  sdentiilo  treatises  on  Mechanics,  such  as  those  of  Gregory  and  Bridge. 
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occasioned,  I  see  no  reason  to  depart  from  the  opinion  of  those 
who  consider  the  wedge  as  a  double  inclined  plane. 

JS.  I  have  seen  people  cleaving  wood  with  wedges,  but  they 
seem  to  have  no  effect,  unless  great  force  and  great  velocity  are 
also  used. 

JF*.  No ;  the  power  of  the  attraction  of  cohesion,  by  which 
the  parts  of  wood  stick  together,  is  so  great  as  to  require  a 
considerable  momentum  to  separate  them.  Did  you  observe 
nothing  else  in  the  operation  worthy  your  attention  ? 

C.  X  es ;  I  also  took  notice  that  the  wood  generally  split  a 
little  below  the  place  to  which  the  wed^e  reached. 

y.  This  happens  in  cleaving  most  kmds  of  wood,  and  then 
the  advantage  gained  by  this  mechanical  power  must  be  in 
proportion  as  the  length  of  the  sides  of  the  cleft  in  the  wood  is 
greater  than  the  length  of  the  whole  back  of  the  wedge.  There 
are  other  varieties  in  the  action  of  the  wedge ;  but,  at  present, 
it  is  not  necessary  to  refer  to  them. 

JE,  Since  you  said  that  all  instruments  which  sloped  off  on 
one  side  only  were  to  be  explained  by  the  principle  of  the  in- 
clined plane ;  so,  I  suppose,  that  those  which  declme  to  an  edge 
on  both  sides  must  be  referred  to  the  principle  of  the  wedge. 

JF*.  They  must;  which  is  the  case  with  many  chisels,  and 
almost  all  sorts  of  axes,  nails,  bayonets,  &c. ;  the  teeth  of 
animals  act  also  as  wedges.  A  saw  is  a.  series  of  wedges,  on 
which  the  motion  impressed  is  oblique  to  the  resistance. 

C.  Is  the  wedge  much  used  as  a  mechanical  power  ? 

F,  It  is  of  great  importance  in  a  vast  variety  of  cases,  in 
which  the  other  mechanical  powers  are  of  no  avail ;  and  this 
arises  from  the  momentum  of^the  blow,  which  is  greater,  beyond 
comparison,  than  the  application  of  any  dead  weight  or  pres- 
sure, such  as  is  employed  in  the  other  mechanical  powers. 
Hence  it  is  used  in  splitting  wood,  rocks,  &c.,  and  even  the 
largest  ship  may  be  raised  to  a  small  height  by  driving  a  wedge 
below  it. 

JE,  Has  it  been  applied  to  any  other  purposes  ? 

F,  It  is  used  for  raising  the  beams  or  a  house,  wl^en  the  floor 
gives  way,  by  reason  of  too  great  a  burden  having  been  laid 
upon  them. 

It  is  usual  also  in  separating  large  millstones  from  the  siliceous' 
sand-rocks,  in  some  parts  of  Derbyshire,  to  bore  horizontal 
holes  under  them  in  a  circle,  and  All  these  with  pegs  or  wedges 
made  of  dry  wood,  which  gradually  swell  by  the  moisture  of  the 
earth,  and  m  a  day  or  two  lift  up  the  millstone  without  break- 
ingit. 

The  principle  of  the  wedge  is  called  into  actbn  by  almost 
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^yery  mechanic,  and  in  a  thousand  instances  in  which  the 
reason  of  the  thing  is  not  even  thought  of.  Builders,  in  raising 
their  scaffolds,  always  tighten  the  ropes  round  their  scaffolding 
poles  by  means  of  wedges  driven  between  the  cords  and  the 
poles.  Chisels  and  knives  are  wedges ;  and  so  is  the  blade  of 
the  scissors. 


CONVERSATION  XXL 
Of  the  Screw. 

F,  Let  us  now  examine  the  properties  of  the  sixth  and  last 
mechanical  power,  the  screw ;  which,  however,  cannot  be  called 
a  simple  mechanical  power,  since  it  is  never  used  without  the 
assistance  of  a  lever  or  winch ;  by  which  it  becomes  a  compound 
engine,  and  it  is  of  great  power  m  pressing  bodies  together,  or 
in  raising  great  weights,  a  b  is  the  representation  of  one,  to* 
gether  with  the  lever  d  f. 


Fig.  80. 

S,  Tou  said  just  now,  papa,  that  all  the  mechanical  powers 
were  reducible  either  to  the  lever  or  inclined  plane ;  how  can 
the  screw  be  referred  to  either  ? 

F,  The  screw  is  composed  of  two  parts,  one  of  which,  a  b,  is 
called  the  screw,  and  consists  of  a  spiral  protuberance,  called 
the  thread,  which  may  be  supposed  to  be  wrapped  round  a 
cylinder ;  the  other  part  c  b,  called  the  nutt  is  perforated  to 
the  dimensions  of  the  cylinder ;  and  in  the  internal  cavity  is 
also  a  spiral  groove  adapted  to  receive  the  thread.  Now,  if 
you  cut  a  slip  of  writing  paper  in  the  form  of  an  inclined  plane 
ab  Cf  and  then  wrap  it  round  a  cylinder  of  wood,  d,  you  will 
find  that  it  makes  a  spral  answering  to  the  spiral  part  of  the 
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fecrervr ;  moreover,  if  you  consider  the  ascent  of  the  screw,  it 
will  be  evident  that  it  is  precisely  the  ascent  of  an  inclined 
plane. 

C  By  what  means  do  you  calculate  the  advantage  gained  by 
the  screw? 

F,  There  are,  at  first  sight,  evidently  two  things  to  be  taken 
into  consideration :  the  first  is  the  distance  between  the  threads 
of  the  screw ;  and  the  second  is  the  length  of  the  lever. 

C  Now  I  comprehend  pretty  clearly  how  it  is  an  inclined 
plane,  and  that  its  ascent  is  more  or  less  easy  as  the  threads  of 
the  spiral  are  nearer  or  farther  distant  from  each  other. 

F,  Well,  then,  let  me  examine,  by  a  question,  whether  your 
conceptions  be  accurate:  suppose  two  screws,  the  circum* 
ferences  of  whose  cylinders  are  equal  to  one  another ;  but  in 
one  the  distance  of  the  threads  to  b^  an  inch  apart,  and  that  of 
the  threads  of  the  other  only  one  third  of  an  inch ;  what  will 
be  the  difference  of  the  advantage  gained  by  one  of  the  screws 
over  the  other  ? 

C  The  one  whose  threads  are  three  times  nearer  than  those 
of  the  other,  must,  I  shoidd  think,  give  three  times  the  most 
advanta^. 

F.  Give  me  the  reason  for  what  you  assert 

C  Because,  from  the  principle  of  the  inclined  plane,  I  learnt 
that  if  the  height  oi  two  planes  werQ  the  same,  but  the  length 
of  <me  twice,  thrice,  or  rour  times  greater  than  that  of  the 
other,  the  mechanical  advantage  gamed  by  the  longer  plane 
would  be  two,  or  three,  or  four  times  more  than  that  gained  bv 
the  other.  Now,  in  the  present  case,  the  height  gained  in  both 
screws  is  the  same,  one  inch,  but  the  space  passed  in  that,  three 
of  whose  threads  go  to  an  inch,  must  be  three  times  as  great  as 
the  space  passed  in  the  other ;  therefore,  as  space  is  passed,  or 
time  lost,  just  in  proportion  to  the  advantage  gai«i^  I  infer 
that  three  times  more  advantage  is  gained  by  the  screw,  the 
threads  of  which  are  one-third  of  an  inch  apart^  than  by  that 
whose  threads  are  an  inch  apart. 

F,  Tour  inference  is  just,  and  naturally  follows  from  an 
accurate  knowledge  of  the  principle  of  the  inclined  plane.  But 
we  have  said  nothmg  about  the  lever. 

C  This  seems  hardly  necessary,  it  being  so  obvious  to  any 
one,  who  will  think  a  moment,  tnat  power  is  gained  by  that, 
as  in  levers  of  die  first  kind,  according  to  the  length  f  d  from 
the  nut. 

F.  Let  us  now  calculate  the  advantage  gained  by  a  screw, 
the  threads  of  which  are  half  an  inch  distant  from  one  another, 
iand  the  lever  7  feet  long.   . 
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C  I  think  you  once  told  me,  that  if  the  radius  of  a  circle 
were  giren,  in  order  to  find  the  circumference  I  must  multiply 
the  raoius  by  6.  • 

F*  I  did ;  for  though  that  is  not  quite  enough,  yet  it  will 
answer  all  common  purposes,  till  you  are  a  little  more  expert 
in  the  use  of  decimals. 

C  Well,  then,  the  circumference  of  the  circle  made  by  the 
revolution  of  the  lever  will  be  7  feet,  multiplied  by  6,  which  is 
42  feet,  or  504  inches ;  but,  during  this  revolution,  the  screw 
is  only  raised  half  an  inch,  therefore  the  space  passed  by  the 
moving  power  will  be  1008  times  greater  than  that  gone  through 
by  the  weight ;  consequently  the  advantage  gained  is  1008,  or 
one  pound  applied  to  the  lever  will  balance  1008  pounds  acting 
against  the  screw. 

F*  Tou  perceive  that  it  follows  as  a  corollary  from  what  you 
have  been  saying,  that  there  are  two  methods  by  which  you 
may  increase  the  mechanical  advantage  of  the  screw. 

C.  I  do ;  it  may  be  done  either  by  taking  a  long  lever,  or  by 
diminishing  the  distance  of  the  threads  of  the  screw. 

F,  Tell  me  the  result  then,  supposing  the  threads  of  the 
screw  so  fine  as  to  stand  at  the  distance  of  but  one  quarter 
of  an  inch  asimder,  and  that  the  length  of  the  lever  were  8 
instead  of  7. 

C  The  circumference  of  the  circle  made  by  the  lever  will 
be  8  multiplied  by  6,  equal  to  48  feet,  or  576  inches,  or  2304 
quarter  inches ;  and  as  the  elevation  of  the  screw  is  but  one 
Quarter  of  an  inch,  the  space  passed  by  the  power  will,  there- 
fore, be  2304  times  greater  than  that  passed  by  the  weight, 
which  is  the  advantage  gained  in  this  instance. 

F,  A  child,  then,  capable  of  moving  the  lever  sufficiently  to 
overcome  the  friction,  with  the  addition  of  a  power  equal  to 
one  pound,  will  be  able  to  raise  2304  pounds,  or  something 
more  than  20  hundred  weight  and  a  half.  The  strength  of  a 
powerful  man  would  be  able  to  do  20  or  30  times  as  much 
more. 

C.  But  I  have  seen  at  Mr.  Wilmot*s  paper-mills,  to  which  I 
once  went,  six  or  eight  men  use  all  their  strength  in  turning  a 
screw,  in  order  to  press  out  the  water  of  the  newly  made  paper. 
The  power  appliea  in  that  case  must  have  been  very  great 
indeed. 

F,  It  was ;  but  I  dare  say  you  are  aware  that  it  cannot  be 
estimated  by  multiplying  the  power  of  one  man  by  the  number 
of  men  employed. 

C,  That  is,  because  the  men  standing  by  the  side  of  one 
another,  the  lever  is  shorter  to  every  man  the  nearer  he  standi 
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to  the  screw,  consequentlj,  though  he  may  exert  the  same 
strength,  yet  it  is  not  so  effectual  in  moving  the  machine,  as 
the  exertion  of  him  who  stands  nearer  to  the  extremity  of  the 
lever. 

F,  The  true  method,  therefore,  of  calculating  the  power  of 
this  machine,  aided  by  ihe  strength  of  these  men,  would  be  to 
estimate  accurately  uie  power  of  each  man  according  to  his 
position,  and  then  to  add  all  these  separate  advantages  together 
for  the  total  power  gained. 

E,  A  machine  of  this  kind  is,  I  believe,  used  by  bookbinders^ 
to  press  the  leaves  of  the  books  together  before  they  are  stitched. 

jF,  Yes,  it  is  found  in  every  bookbinder*s  workshop,  and  is 
particularly  useful  where  persons  are  desirous  of  havme  small 
Dooks  reduced  to  a  still'  smaller  size  for  the  pocket.  It  is  also 
the  principal  machine  used  for  coining  money,  for  taking  off* 
copperplate  prints,  and  for  printing  in  generaL 

C.  I  remember  Mr.  Boulton*s  maenificent  apparatus  for 
coining;  the  whole  machinery  is  worked  by  a  steam-engine, 
which  rolls  the  copper  for  halfpence,  works  the  screw  presses 
for  cutting  out  the  circular  pieces  of  copper,  and  coins  both  the 
faces  and  edges  of  the  money  at  the  same  time.  By  this  ma- 
chinery, four  boys,  ten  or  twelve  years  old,  are  capable  of 
striking  30,000  sovereigns  in  an  hour,  and  the  machine  itself 
keeps  an  unerring  account  of  the  number  of  pieces  struck.  A 
higher  treat  an  inquisitive  youth  cannot  have  than  that  of  wit- 
nessing the  process  of  coining,  as  it  is  carried  on  at  the  Mint, 
Tower  hill. 

E.  And  I  have  seen  the  cider-press  in  Kent,  which  consists 
of  the  same  kind  of  machine. 

wP.  It  would,  my  dear,  be  an  almost  endless  task,  were  we  to 
attempt  to  enumerate  all  the  purposes  to  which  the  screw  is 
applied  in  the  mechanical  arts  of  life ;  it  will  perhaps,  be  suffi- 
cient to  tell  you,  that  wherever  great  pressure  is  required, 
there  the  power  of  the  screw  is  uniformly  employed. 

Perhaps  the  most  extraordinary  application  of  the  screw  is  in 
moving  homes,  Ii^  America  this  has  been  often  done :  a  frame 
of  timber  is  paissed  under  a  house  —  actually  a  brick  house,  and 
is  well  secured ;  a  timber  road  is  preparea  for  the  house  to 
travel  along,  and  it  is  pressed  onward  by  the  application  of 
screws :  we  are  even  told  that  houses  have  been  moved  in  this 
way  while  the  family  were  in  them. 

JE,  What  are  the  screw  steam-ships,  in  one  of  which  cousin 
Fred,  is  about  to  sail  to  India  as  a  midshipman? 

F,  At  the  stem,  between  the  rudder  and  the  keel,  is  a  hori- 
zontal screw,  at  the  end  of  a  long  shaft,  that  is  kept  in  rotation 
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t>y  a  powerful  steam-engine.  It  acts  with  the  water  somewhat 
as  a  gimlet  does  with  a  board ;  but,  instead  of  entering  as  the 
^mlet  does,  its  blades  press  on  the  water,  and,  as  it  were,  drive 
it  back,  which,  in  practice,  urges  the  ship  forward. 

The  screw-pile  is  another  most  successful  application  of  this 
mechanical  power;  it  is  employed  especially  for  submarine 
foundations,  for  lighthouses,  beacons,  ana  other  such  structures. 
A  wide-bladed  iron  screw  is  arranged  at  the  end  of  wooden  or 
other  piles ;  and,  by  means  of  a  capstan  or  otherwise,  it  is 
readily  screwed  down  to  the  necessary  depth,  and  can  be 
introduced  where  it  would  be  practicali;|r  impossible  to  driv^ 
piles  according  to  the  old  plans.  As  an  mstance,  unsuccessful 
attempts  had  been  made  by  the  Earl  of  Courtown  to  lengthen 
the  pier  of  the  harbour  of  Courtown,  on  the  coast  of  Wexford. 
But  Mitchell*8  screw-piles  overcame  the  difficulty.  Iron  piles, 
fitted  with  screws  2  feet  in  diameter,  were  made  to  penetrate 
12  or  15  feet  into  the  sand  and  blue  clay  of  the  harbour.  The 
surf  prevented  barges  or  rails  being  used  for  the  workmen  to 
turn  the  screi;^ ;  therefore  a  wheel  was  placed  on  the  head  of 
each  pile,  over  which  a  tape  passed,  and  was  led  to  a  pulley  oh 
the  solid  pier,  150  feet  distant.  A  gang  of  men  here  hauled  at 
the  rope,  and  so  communicated  rotatory  motion  to  the  pile. 
Here  is  an  instance  of  the  successful  combination  of  tnree 
powers,  the  lever,  the  pulley,  and  the  screw. 


CONVERSATION  XXIL 
Of  the  Pendvlvm. 

'  C  Since  you  last  allowed  us  to  converse  with  you,  my  dear 
papa,  I  have  had  an  opportimity  of  examining  a  powerful  crane, 
and  other  pieces  of  machinery ;  and  I  perceived  that  they  are 
only  levers  and  pulleys,  and  wheel-and-axles,  with  here  and 
there,  perhaps,  a  screw,  or  an  inclined  plane  judiciously  dis- 
posed ;  but  pray,  papa,  what  are  we  to  do  in  our  classifications, 
if  we  examine  a  clock  ?  We  have  tried  repeatedly  upon  the 
clock  which  stands  upon  the  landing  of  tne  kitchen  stairs. 
We  find  wheels  and  axles,  levers,  screws,  pulleys,  &c.,  but  neither 
of  us  know  what  to  call  the  pendulum.  Is  it  a  mechanical  power? 
and,  if  so,  why  have  you  not  included  it  in  your  classification  ? 
JF,  The  pendulum  is  not  called  a  mechanical  power,  because 
it  does  not  confer  any  mechanical  advantage.  It  serves  as  a 
regulator  of  motions  by  means  of  the  force  of  gravity,  but  itself 
requires  a  distinct  power,  called  **  a  maintaining  power,**  to  keep 
it  from  subsiding  into  rest. 
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The  maintaining  power  is  a  weight  or  a  spring.  The  former 
in  descending,  or  the  latter  in  uncoiling,  communicates  motion, 
to  a  train  of  wheels,  the  last  of  which,  called  the  scape-wheel, 
is  notched  in  a  peculiar  way,  and  is  caught  by  a  tootn  or  hook 
at  every  beat  of  the  pendulum.  The  weight  would  run  rapidly 
down  but  for  this  contrivance ;  as  it  is,  tooth  by  tooth  is  allowed 
to  escape  at  each  beat  of  the  pendulum;  and  so,  while  the. 
latter  reflates  the  motion,  it  is  prevented  subsiding  to  rest, 
by  the  sLght  impulse  it  gets  from  each  tooth.  When,  instead  of 
a  step  by  step  motion,  a  continuous  movement  is  required,  a. 
corneal  pendulum  is  used ;  so  called  from  its  motion  describing 
a  cone.  It  is  suspended  over  the  clock  movement  by  a  uni- 
versal joint ;  and  touches  a  horizontal  arm  of  the  clock  with  a. 
verticid  wire,  extending  from  the  bob  downwards.  Its  motion 
resembles  that  of  the  balls  or  governor  of  a  steam-engine,  such 
as  you  see  in  many  grocers'  shops,  and  which  I  will  some  day 
describe  to  you.  The  Astronomer  Royal  uses  such  a  pendulum 
to  give  uniform  motion  to  a  metal  drum,  which  will  carry  the 
means  for  recording  the  passage  of  stars  in  front  of  the  transit, 
telescope,  and  for  other  astronomical  purposes. 

C  I  perceive  that  the  lenf^th  of  the  pendulum  has  something 
to  do  with  the  time  of  its  vibration ;  ior  the  pendulum  of  the 
chamber  clock,  which  stands  upon  the  drawing-room  mantel- 
piece, is  much  shorter  than  that  of  the  kitchen  clock ;  and  I 
observe  that  it  performs  its  vibrations  in  much  less  time.  Are. 
the  laws  of  the  pendulum  simple  enough  for  my  sbter  and  me  to 
comprehend  them  ? 

F,  With  your  usual  attention,  my  dear  children,  I  doubt  not 
that  you  will  find  the  laws  of  pendulums  quite  within  your, 
comprehension.  The  most  important  are  these :  —  1.  The  times 
of  vibration  of  the  same  penaulum  in  very  small  arcs  are  all. 
equal.  2.  The  velocitv  oi  the  bob  in  the  lowest  point  will  be 
as  the  lengdi  of  the  chord  of  the  arc,  which  it  describes  in  its. 
descent.  3.  The  times  of  vibrations  of  different  pendulums,  in. 
similar  arcs,  are  proportional  to  the  square  roots  of  their 
respective  lengths.  4.  Hence  the  lengths  of  pendulums  are  as 
tiie  squares  of  the  times  of  vibration.  5,  In  the  latitude  of 
London,  a  simple  pendulum,  that  is,  a  fine  thread  with  a  small 
bsdl  at  its  end,  will  vibrate  once  in  a  second  in  a  small  arc,  if 
its  length  be  39  inches  and  a.fiflh.  There  are  manv  other 
curious  properties,  but  perhaps  these  will  be  sufficient  n>r  your . 
present  purpose. 

JS,  More,  I  fear,  than  I  shall  remember  just  yet;  but,  with, 
dear  Cluurles's  kind  assistance,  I  hope  I  shall  surmount  idl  dif- 
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ficulties  in  due  time.    Let  me  try;  and  let  Charles  set  me  right, 
if  you  please,  papa. 

A  pendulum  which  vibrates  seconds  is  39^  inches  in  length, 
and  the  lengths  are  as  the  square  roots  of  the  times:  therefore, 
the  length  of  a  half-second  pendulum  is  — — .  Now  I  cannot 
succeed.  I  must  refer  to  you,  Charles,  for  I  suspect  it  requires 
a  knowledge  of  fractions. 

C  It  does,  Emma.    The  square  of  ^  is  ^ ;  that  is,  the  square 
of  2  in  the  denominator  is  4  in  the  denominator.    Do  you  under- 
stand that  ? 
JS,  Yes,  Charles. 

C  Well,  then :  a  fourth  of  39^  is  9  inches  and  4,  which  is  the 
length  of  a  half-second  pendulum — am  I  right,  papa? 

Jr.  Perfectly.  Upon  the  same  principles  you  can,  I  suppose, 
tell  the  length  of  a  pendulum  to  vibrate  m  quarters  of  a  second. 
C  Yes ;  it  is  only  to  take  the  quarter  of  the  last  number,  or 
the  16th  part  of  the  original  length  of  the  second^s  pendulum ; 
thus  we  obtain  2  inches  and  ^jf  for  the  length  of  the  quarter- 
second  pendulum. 

£1,  I  now  see  why  the  pendulum  of  the  little  chamber  clock 
is  shorter  than  that  of  the  kitchen  clock ;  and  I  think  I  can  tell 
the  length  of  a  two-second  and  of  a  three-second  pendulum. 
Let  me  try;  and  do  not  you  interrupt  me,  Charles,  unless  I  make 
'  a  mistake.  The  square  of  2  is  4,  so  that  the  two-second  pen- 
dulum is  four  times  the  length  of  the  second  pendulum;  and  for 
the  same  reason,  because  the  square  of  3  is  9,  the  three-second 
pendulum  is  9  times  the  length  of  that  which  vibrates  once  in  a 
second ;  and  so  on  for  other  numbers.  I  think  we  may  now  quit 
this  subject ;  what  say  you,  Charles  ? 

C,  I  should  like  first  to  ask  p«pjBL  for  some  information  re- 
specting the  great  pendulum  experiment,  that  was  exhibited  in 
the  theatre  of  the  Polytechnic  Institution.  I  saw  a  great  ball 
vibrating  from  the  ceiling  over  a  round  table,  on  which  were 
some  heaps  of  sand ;  but  I  was  too  late  to  hear  the  description. 
F.  M.  Foucault,  a  Frenchman,  had  demonstrated  in  1851  a 
property  in  the  pendulum  that  had  barely  been  noticed  before, 
and  had  not  at  all  been  studied.  He  showed  that  a  free  pen- 
dulum changes  apparently  its  plane  of  vibration,  and  that  really 
it  continues  to  vibrate  in  the  same  plane. 

JE,  What  do  you  mean  by  a  &ee  pendulum,  and  by  plane 
of  vibration  ? 

F.  A  heavy  ball  suspended  to  a  long  wire  is  free  to  move  back- 
wards and  forwards,  or  to  the  right  and  left,  or  in  any  other  di- 
rection. And  the  direction  in  which  it  moves  is  the  plane  of 
vibration.    For  instance,  if  such  a  pendulum  were  suspended 
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over  the  nave  of  our  church,  and  were  set  in  vibration  in  a  direct 
line  from  the  organ  to  the  chancel,  viz.  east  and  west,  it  would 
in  a  very  few  minutes  show  a  marked  alteration  in  its  direction. 
When  near  the  chancel,  the  ball  would  be  seen  to  have  got  more 
towards  the  south  aisle,  and  when  at  the  other  end  of  the  vibra- 
tion, or  near  the  organ,  it  would  be  found  nearer  to  the  north 
aisle.  In  fact,  if  a  une  were  extended  under  the  ball  to  mark 
its  direction,  and  were  altered  as  the  direction  alters,  it  would 
be  found  to  move  in  the  direction  of  the  sun,  viz.  from  east  to 
west. 

C  Can  we  try  this  ourselves  from  the  roof  of  the  barn  ? 

F,  Certainly :  and  instead  of  starting  the  ball  with  your  hand, 
hang  it  in  a  loop  of  thin  packthread  to  one  side  of  the  bam ; 
and  when  it  is  perfectly  at  rest,  burn  the  packthread,  and  so 
liberate  the  balL  Tou  will  very  soon  see  a  change  in  the  direc« 
tion.  It  will  change  to  the  extent  of  about  12^  or  the  30th 
part  of  a  circle  in  an  hour.  The  heaps  of  sand  were  touched 
m  order,  at  the  Polytechnic  Institution,  in  proportion  as  the 
plane  of  vibration  varied  from  the  direction  originally  imparted 
to  it.  In  accurate  experiments,  extreme  care  is  required  that 
the  suspension  be  perfect  and  regular. 

E,  You  said,  that  the  plane  of  vibration  apparently  changes : 
why,  it  really  changes,  if  I  understand  you  correctly. 

P,  It  is  the  church  or  bam,  with  which  you  are  comparing 
it,  that  changes.  The  pendulum  continues  in  its  original  direc- 
tion ;  and  as  the  earth  moves  on  from  west  to  east,  the  path  of 
the  pendulum  is  left  behind,  and  seems  to  movewith  the  suu  from 
east  to  west.  If  the  ball  were  large  enough  to  contain  you 
within  it,  and  you  were  to  peep  through  holes  in  its  equator^ 
you  would  literally  and  truly  see  the  earth  move.  The  hourly 
arcs  of  deviation  have  been  found,  in  Paris,  11^  30^;  Bristol, 
11*»  42^ ;  Dublin,  12*» ;  York,  13«, 

'  C  But  the  earth  revolves  in  24  hours,  and  the  circumference 
being  360^,  gives  15^  per  hour,  which  does  not  agree  with  any 
one  of  the  experiments. 

1^.  I  am  afraid  I  cannot  enable  you  quite  to  understand  the 
combined  motions  that  occur  in  our  latitudes,  to  produce  this 
anomalous  result.  We  are  obliged  to  hang  the  pendulum  to 
something,  and  this  something  is  carried  onward  with  the  earth, 
which  gives  a  kind  of  backward  twist  to  the  plane  of  vibration, 
and  complicates  the  result.  But.,  suppose  the  experiment  to  be 
made  at  the  very  pole  of  the  earth,  and  the  wire  to  be  hung  to 
the  centre  of  a  dome  exactly  over  the  pole.  The  earth  would 
rotate  round  this  centre ;  and  therefore  the  point  of  suspension 
would  not  move.    The  consequence  would  be  that  the  plane 
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would  progress  exactly  15^  per  hour;  and  if  the  pendulum  could 
keep  long  enough  in  motion,  it  would  keep  pace  with  the  sun, 
and  complete  an  entire  circuit  in  24  hours. 

JE.  Then  it  appears  that  the  direction  in  space  originally  given 
to  the  pendidum  is  retained  throughout ;  and  that  its  direction, 
in  reference  to  the  earth  and  things  on  the  earth,  is  only  relative ; 
and  that  its  rate  of  variation  depends  upon  the  amount  of  motion 
imparted  to  the  point  of  suspension  by  the  rotation  of  the  earth. 

F.  lam  glad  to  see  that  you  have  gathered  the  leading  facts 
of  this  remarkable  phenomenon. 

M.  Foucault  has  just  described  a  new  instrument  which  he 
terms  a  Gyroscope ;  and  by  which  he  has  discovered  some  new 
features  in  bodies  having  free  liberty  to  move  in  all  directions. 
Conceive  a  hoop  suspended  from  the  ceiling  by  a  thread ;  within 
this  a  smaller  hoop,  balanced  horizontal^,  and  very  free  to 
move ;  within  this  a  solid  metal  ring,  also  freely  balanced,  and 
with  its  axis  at  right  angles  to  that  of  this  smaller  hoop.  When 
rapid  rotation  is  communicated  to  the  metal  ring,  the  whole 
apparatus,  which  before  was  sensitive  to  a  breath  of  air,  takes  a 
determinate  steadiness  in  space,  with  remarkable  energy ;  and 
its  tixiB  follows  exactly  the  movement  of  celestial  space.  He  has 
mounted  a  telescope  on  this  axis;  and  by  looking  through  it  at 
terrestrial  objects,  he  actually  sees  the  earth  move. 

By  allowing  this  ring  liberty  to  move  only  in  certiun  given 
directions,  he  has  arrived  at  the  following  remarkable  con- 
clusions :  — > 

^  Every  body  turning  round  an  axis,  free  to  direct  itself 
without  moving  out  of  the  horizontal  plane,  furnishes  a  new 
sign  of  the  rotation  of  the  earth ;  for  tnis  rotation  developes 
s  directive  force,  which  draws  the  axis  of  the  body  towards 
the  meridian^  and  induces  this  body  to  turn  in  the  same  direction 
as  the  globe, 

'*  So  that,  without  the  assistance  of  any  astronomical  obser- 
vation, the  rotation  of  a  body  on  the  surtace  of  the  earth  en- 
ables us  to  point  out  the  plane  of  the  meridian, 

''And,  every  body,  turning  round  an  axis  that  is  free  to 
direct  itself  without  moving  out  of  the  meridian,  enjoys  the 
property  of  adjusting  itae]£  parallel  to  the  axis  of  the  world,  and 
so  as  to  turn  in  the  same  direction  as  the  earth,^* 
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CONVERSATION  I. 

OF   THE   FIXED   STABS. 

Tutor  —  Charles — James, 

Charles.  How  brilliant  the  stars  are  this  evening  I 

James,  They  are ;  and  the  longer  I  keep  my  eyes  fixed  up- 
wards, the  more  stars  there  seem :  how  is  it  possible  to  number 
these  stars  ?  and  yet  I  have  heard  that  they  are  numbered,  and 
even  arranged  in  catalogues  according  to  their  apparent  mag- 
nitude.    Pray,  sir,  explain  to  us  how  this  is  done. 

Tutor.  This  I  will  do,  with  pleasure,  on  some  future  day ;  but 
at  present  I  must  tell  you,  that  in  viewing  the  heavens  with  the 
naked  eye,  we  are  very  much  deceived  in  the  number  of  stars,  that 
are  visible.  It  is  generally  admitted,  and  on  good  authority  too, 
that  there  are  never  more  than  one  thousand  stars  visible  to  the 
naked  eye  at  any  one  time. 

J.  What !  can  I  see  no  more  than  a  thousand  stars  if  I  look 
all  round  the  heavens  ?  X  should  suppose  there  were  millions. 

T.  This  number  is  certainly  the  limit ;  and  that  which  leads 
you  to  conjecture  that  the  number  is  so  much  larger  is  an  op- 
tical deception. 

J,  Are  we  frequently  liable  to  be  deceived  by  our  senses  ? 

T,  We  are,  if  we  depend  on  them  singly ;  but  where  we  have 
an  opportunity  of  calliuff  in  the  experience  of  one  sense  to  the 
aid  of  another,  we  are  seldom  subject  to  this  inconvenience. 

C,  Do  you  not  know,  that  if  you  place  a  small  marble  in  the 
palm  of  the  left  hand,  and  then  cross  the  second  finger  of  the 
right  hand  over  the  fiirst ;  and  in  that  position,  with  your  eyes 
shut,  move  the  marble  with  those  two  parts  of  the  two  fingers  at 
once,  which  are  not  accustomed  to  come  into  contact  with  any 
object  at  the  same  time,  that  the  one  marble  will  appear  to  the 
touch  as  two  ?  In  this  instance,  without  the  assistance  of  our 
eyes,  we  should  be  deceived  by  the  sense  of  feeling. 

T.  This  is  to  the  point,  and  shows  that  the  judgment,  formed 
by  means  of  a  single  sense,  is  not  always  to  be  depended  upon. 

C,  I  should  indeed  have  thought  with  my  brotner  that  there 
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were  more  tluin  a  thousand,  had  you  not  asserted  the  contrary ; 
and  I  am  anxious  to  know  how  it  happens  that  I  am  so  deceived. 

T,  Tou  are  not  so  much  deceived  as  you  are  has^ ;  look  at  any 
small  portion  of  the  heavens,  and  count  the  stars  in  it ;  then  make 
a  rude  ^ess  at  the  number  of  such  portions  there  are  in  the  whole, 
and  a  sunple  multiplication  will  show  you  that  the  number  is  not 
nearly  so  large  as  you  imagine. 

C.  But  I  find  it  difficult  to  count ;  the  stars  dazzle  me. 

T.  Tes ;  and  this  helps  to  deceive  you  at  first ;  for  the  rays  from 
each  star  get  confused  as  they  enter  your  eye,  and  you  are  apt  to 
think  that  you  see  many  more  than  there  really  are. 

C,  I  should  like  to  see  this  illustrated. 

T.  Bring  me  your  multiplying  glass ;  look  through  it  at  the 
candle :  how  many  do  you  see  ?  or  rather,  how  many  candles 
should  you  suppose  there  were,  did  you  not  know  that  there  was 
but  one  on  the  table  P 

J.  A  great  many ;  and  a  pretty  sight  it  is. 

C,  Let  me  see ;  yes,  there  are,  — >  but  I  can  easily  count  them ; 
there  are  sixteen. 

T,  There  will  be  just  as  many  images  of  the  candle,  as  there 
are  surfaces  on  your  glass ;  had  there  been  60,  or  600,  then  the 
single  candle  would  have  given  you^the  idea  of  60  or  600.  What 
think  you  now  about  the  stars  ? 

J.  I  can  no  longer  doubt  but  that  a  thousand  real  luminaries 
may  have  the  power  of  exciting  in  my  mind  the  idea  of  millions ; 
but  by  looking  carefully  I  get  rid  of  this  false  idea. 

T,  I  will  mention  another  experiment  for  the  next  clear  star- 
light night.  Get  a  long  narrow  tube,  the  longer  and  narrower 
the  better ;  examine  through  it  any  one  of  the  largest  fixed  stars, 
which  are  called  stars  of  the^r«^  magnitude,  and  you  wiU  find 
that,  though  the  tube  takes  in  as  much  sky  as  would  contain 
many  such  stars,  yet  that  the  single  one  at  which  you  are  look- 
ing IS  scarcely  visible,  by  the  few  rays  which  come  directly  from 
it :  this  is  proof  that  the  brilliancy  of  the  heavens  is  much  more 
owing  to  reflected  and  refracted  li^ht,  than  to  the  direct  rays 
flowing  from  the  stars.  I  will  explam  these  terms  when  we  talk 
upon  Optics. 

CONVERSATION  IL 
Of  the  Fixed  Stars. 

C.  Another  beautiful  evening !  shall  we  take  the  advantage 
which  it  offers  of  going  on  with  our  astronomical  lectures  ? 

T,  I  have  no  objection,  for  we  do  not  always  enjoy  such  oppor- 
tunities as  this. 
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•/.  I  wish  very  much  to  know  how  to  distinguish  the  stars,  and 
to  be  able  to  call  them  by  their  proper  names. 

T,  This  you  may  yery  soon  learn  ;  a  few  evenings  well  im- 
proved will  enable  you  to  distinguish  all  the  stars  of  the  first 
magnitude  which  are  visible,  and  all  the  relative  positions  of  the 
difiSrent  constellations. 

J*  What  are  constellations,  sir  ? 

T,  The  ancients,  that  they  might  the  better  distinguish  and 
describe  the  stars,  divided  them  into  constellations,  that  is,  sys- 
tems of  stars,  each  system  consisting  of  such  stars  as  were  near  to 
each  other ;  they  gave  them  the  names  of  such  men  or  things 
as  they  fancied  the  space  which  they  occupied  in  the  heavens 
represented. 

C  Is  it  then  perfectly  arbitrary,  that  one  collection  is  called 
the  Great  Bear^  another  the  Dragon^  a  third  Hercules^  and  so 
on? 

T.  It  is ;  and  though  there  have  been  additions  to  the  number 
of  stars  in  each  constellation,  and  various  new  constellations  in- 
vented by  modem  astronomers,  yet  the  original  division  of  the 
stars  Into  these  collections  was  one  of  those  few  arbitrary  in- 
ventions which  have  descended  without  alteration,  otherwise  than 
by  addition,  from  the  days  of  Ptolemy  down  to  the  present  time. 
Do  you  know  how  to  find  the  four  cardinal  points,  as  they  are 
usually  called,  the  North,  South,  West,  uid  East. 

J,  0  yes ;  I  know  that  if  I  look  at  the  sun  at  twelve  o'clock 
at  noon,  I  am  looking  to  the  south ;  my  back  is  toward  the  north  ; 
the  west  is  on  my  risht  hand,  and  the  east  is  on  my  left. 

T,  But  you  must  learn  to  find  these  points  without  the  assist- 
ance of  the  sun,  if  you  wish  to  be  a  young  astronomer. 

C  I  have  often  heard  of  the  North-vole  star ;  that  will  perhaps 
answer  the  purpose  of  the  sun  when  he  has  left  us. 

T.  You  are  right :  do  you  see  those  seven  stars  which  are  in 
the  constellation  of  the  Great  Bear  f  —  some  people  have  sup- 
posed their  position  will  aptly  represent  a  plough ;  others  say 
that  they  are  more  like  a  waggon  and  horses^  —  the  four  stars 
representing  the  body  of  the  waggon,  and  the  other  three  the 
horses,  and  hence  they  are  called  b;^  some  the  plough,  and  by 
others  they  are  callea  Charles's  wain  or  waggon.  There  is  a 
drawing  of  it ;  ah  d  g  represent  the  four  stars,  and  e  z  b  the 
other  three,  fig.  1. 

C  What  is  the  star  p  ? 

T.  That  represents  the  polar  star,  to  which  you  just  now 
alluded ;  and  you  observe,  that  if  a  line  were  drawn  through 
the  stars  h  and  a,  and  produced  far  enough,  it  would  nearly 
touch  it. 
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p  J,  Let  me  look  at  the  heavens 

^  for  it  by  this  guide.    There  it  is,  I 

4(  suppose;  it  shines  with  a  steady 

/  \  and  rather  a  dead  kind  of  lights  and 

/  \  it  appears  to  me  that  it  would  be  a 

/      \  little  to  the  right  of  the  line,  passing 

/         V^        through  liie  stars  h  and  ol 

.     i  %*  T.  It  would :  now  these  stars  are 

H-/^  ^  "^      \t    S^^^^^^J  J™own  by  the  name  of  the 

"» '  jO-    '^^  pointers^  because  uiey  point  to  the 

^  north  pole,  which  is  situated  a  little 

more  than  two  degrees  from  the 

^  star  p. 

A  C  Is  that  star  always  in  the  same 

*V«  ^  part  of  the  heavens  ? 

T,  Nearly  so ;  it  describes  so  very  small  a  circle  round  the 
pole,  that  it  may  be  almost  regarded  as  fixed ;  and  the  rest  of 
die  starry  vault  has  an  apparent  motion  round  this  star. 

J.  I  now  understand  that  if  I  look  to  the  north,  by  standing 
with  my  face  to  that  star,  the  south  is  at  my  back,  on  my  right 
hand  is  the  east,  and  the  west  on  my  left. 

T.  Just  so ;  and  we  can  make  use  of  these  stars  as  a  kind  of 
standard,  in  order  to  discover  the  relative  positions  of  others. 
C  In  what  way  must  w<e  proceed  ? 

T,  Conceive  a  line  drawn  from  the  star  z  (fig.  1.),  leavings  a 
little  to  the  left,  and  it  will  pass  through  that  very  brilliant 
star  A  near  the  horizon  towards  the  w-est. 
cf.  I  see  the  star,  but  how  am  I  to  know  its  name  ? 
T.  Look  on  the  celestial  globe  for  the  star  z,  and  suppose  the 
line  drawn  on  the  globe,  as  we  conceived  it  done  in  the  heavens, 
and  you  will  find  tibe  star  and  its  name. 
C  Here  it  is ; — its  name  is  Arcturus. 
T,  Take  the  figure  (fi^.  1.),  and  place  Arcturus  at  a,  which 
is  its  relative  position,  m  respect  to  the  constellation  of  the 
Great  Bear.    Now  if  you  conceive  a  line  drawn  throu|:h  the 
stars  g  and  h^  and  extended  a  good  way  to  the  right,  it  will  pass 
just  above  another  very  brilliant  star.    Examine  the  globe  as 
before  and  find  its  name. 

C.  It  is  Capelloj  the  IMe  goat, 

T.  Now  whenever  you  see  any  of  these  st^rs,  you  will  know 

where  to  look  for  the  others  without  hesitation. 

J,  But  do  they  never  move  from  their  places  ? 

T.  With  respect  to  us  they  seem  to  move  together  with  the 

whole  heavens.    But  they  always  remain  in  the  same  relative 

position  with  respect  to  each  other.    Hence  they  are  called 
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fixed  stars,  in  opposition  to  the  planets,  which,  like  our  earth, 
are  continually  changing  their  places,  both  with  regard  to  the 
fixed  stars  and  to  themselves  also. 

C  I  now  understand  pretty  well  the  method  of  acquiring  a 
knowledge  of  the  names  and  places  of  the  stars. 


CONVERSATION  IH. 
Of  the  Fixed  Stars,  and  the  Ecliptic, 

T,  I  dare  say  that  you  will  now  have  no  difficulty  in  finding 
the  north  polar  star. 

J.  No ;  unless  that  and  the  other  stars  have  changed  their 
places. 

T.  They  always  keep  the  same  position  with  respect  to  each 
other,  though  their  situation,  with  regard  to  the  heavens,  will 
be  different  at  different  seasons  of  the  year,  and  in  different 
hours  of  the  night    Let  us  go  into  the  garden. 

C.  The  stars  are  all  in  the  same  places  as  we  lefl  them  last 
evening.  Now,  sir,  if  we  conceive  a  straight  line  drawn  through 
the  two  stars  in  the  Great  Bear,  which  are  marked  dg,  and  to 
extend  a  good  way  down,  it  will  pass  or  nearly  pass  through  a 
very  bright  star,  though  not  so  bright  as  Arcturus  or  CapeUa ; 
what  is  that  called  ? 

T.  It  is  a  star  of  the  second  magnitude ;  and  if  you  refer  to* 
the  celestial  globe,  you  will  find  it  is  called  Regultts  or  Cor 
Leonis,  the  Liangs  Heart, 

C.  But  have  all  the  stars  names ;  or  how  are  they  specified  ? 

T,  If  you  look  on  the  globe,  you  will  observe  that  they  are 
distinguished  by  the  different  letters  of  the  Greek  alphabet ; 
and  in  those  constellations,  in  which  there  are  stars  of  different 
apparent  magnitudes,  the  largest  is  a  alpha,  the  next  in  size 
j3  beta,  the  tmrd  y  gamma,  the  fourth  S  delta,  and  so  on. 

J,  Is  there  any  particular  reason  for  this  ? 

T,  The  adoption  of  the  characters  of  the  Greek  alphabet 
rather  than  any  other  was  perfectly  arbitrary ;  it  is,  however, 
of  great  importance,  that  the  same  characters  should  be  used  in 
general  by  astronomers  of  all  countries,  for  by  this  means  the 
science  is  in  possession  of  a  sort  of  universal  language. 

C.  Will  you  explain  how  this  is  ? 

T,  Suppose  an  astronomer  in  North  America,  Asia,  or  any 
other  part  of  the  earth,  observe  a  comet  in  that  part  of  the 
heavens  where  the  constellation  of  the  Oreat  Bear  is  situated, 
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and  he  wishes  to  describe  it  to  his  friend  in  Great  Britain,  in 
order  that  he  may  know  whether  it  was  seen  by  the  inhabitants 
of  this  isUind.  For  this  purpose  he  has  only  to  mention  the 
time  when  he  discovered  it ;  its  position,  as  nearest  to  some  one 
of  the  stars,  calling  it  by  the  Greek  letter  by  which  it  is  desig- 
nated; and  the  course  which  it  took  from  one  star  towards 
another.  Thus  he  might  say,  that  on  such  a  time  he  saw  a 
comet  near  d  in  the  Great  Bear,  and  that  its  course  was  directed 
from  ^  to  /S,  or  any  other,  as  it  happens. 

C.  Then  if  his  mend  here  had  seen  a  comet  at  the  same  time, 
he  would,  by  this  means,  know  whether  it  was  the  same  or  a 
different  comet  ? 

T,  Certiunly ;  and  hence  you  perceive  of  what  importance  it 
is,  that  astronomers  in  different  countries  should  agree  to  mark 
t^e  same  stars  and  systems  of  stars  by  the  same  characters. 
But  to  return  to  that  star  to  which  you  just  called  my  attention, 
the  Cor  Leonis ;  it  is  not  only  a  remarkable  star,  but  its  posi- 
tion is  also  remarkable :  it  is  situated  in  the  edipUc, 

J.  What  is  that,  sir  ? 

T,  The  eclipHc  is  an  imaginary  great  circle  in  the  heavens, 
vhich  the  sun  appears  to  describe  in  the  course  of  a  year.  If 
you  look  on  the  celestial  globe,  you  will  see  it  marked  with  a 
red  line. 

J.  But  the  sun  seems  to  have  a  circular  motion  in  the 
heavens  every  day  ? 

T,  It  does ;  and  this  is  called  its  apparent  diumalj  or  duly 
motion,  which  is  very  different  from  the  path  it  appears  t6  tra- 
verse in  the  course  of  a  year.  The  diurnal  path  is  manifest  to 
ike  most  careless  observer ;  but  the  annual  path  requires  some 
thought  to  trace  it  out. 

C,  And  what  is  the  green  line  which  crosses  it  ? 

T,  It  is  called  the  equinoctial.  If  you  can  conceive  the  plane 
of  the  terrestrial  equator  to  be  produced  to  the  sphere  of  the 
fixed  stars,  it  would  mark  out  this  circle  in  the  heavens,  which 
would  cut  the  eclvptic  in  two  parts;  and  one  of  these  would 
make  an  angle  with  the  other  of  about  23  j^  degrees. 

J.  Can  we  trace  the  circle  of  the  ecliptic  in  the  heavens  ? 

T,  It  may  be  done  with  tolerable  accuracy  by  two  methods : 
First,  by  observing  several  remarkable  fixed  stars,  to  which  the 
moon  in  its  course  seems  to  approach ;  the  second  method  is  by 
observing  the  places  of  the  planets. 

C  Is  the  moon  then  always  in  the  ecliptic  ? 

T,  Not  exactly  so ;  but  it  is  always  either  in  the  ecliptic,  or 
within  dye  degrees  and  a  third  of  it  on  one  side  or  the  other. 
The  principal  planets  also — by  which  I  mean  Mercury,  Venus, 
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Mars,  Jupiter  Saturn,  and  Herschel — are  never  more  than 
eight  degrees  distant  firom  the  line  of  the  ecliptic. 

J.  How  can  we  trace  this  line,  by  help  of  the  fixed  stars  ? 

T,  Bj  comparing  the  stars  in  the  heavens  with  their  repre- 
sentatives on  the  artificial  globe.  I  will  mention  to  you  the 
names  of  those  stars,  and  you  may  first  find  them  on  the  globe 
and  then  refer  to  as  many  of  them  as  are  now  visible  in  the 
heavens.  The  first  is  in  the  RanCa  horn,  a  Arietis^  about  ten 
degrees  to  the  north  of  the  ecliptic ;  the  second  is  the  star 
Aldeharan  in  the  BvlTs  eye,  six  degrees  south  of  the  ecliptic. 

C  Then  if  at  any  time  I  see  these  two  stars,  I  know  that  the 
ecliptic  runs  between  them,  and  nearer  to  Aldebaran  than  to 
that  in  the  Kam*s  horn. 

T,  Yes :  now  carry  your  eye  eastward  to  a  distance  some^ 
what  greater  from  Aldebaran  than  that  is  east  of  a  Arietis, 
and  you  will  perceive  two  bright  stars  at  a  small  distance 
from  one  another,  called  Castor  and  PoUux;  the  lower  one, 
and  that  which  is  least  brilliant,  is  Pollux,  seven  degrees 
on  the  north  side  of  the  ecliptic.  Following  the  same  track, 
you  will  come  to  Regutus^  or  Cor  Leonis^  which,  I  have 
already  observed,  is  exactly  in  the  line  of  the  ecliptic.  Beyond 
this,  and  only  two  degrees  south  of  that  line,  you  will  find  the 
beautiful  star  in  the  Yirgin*s  hand,  called  Spica  Virginis.  You 
then  arrive  at  Antares^  or  the  ScorpiorCs  Hearty  five  degrees  on 
the  same  side  of  the  ecliptic.  Afterwards  you  will  find  a  AqudtB^ 
which  is  situate  nearly  thirty  degrees  north  of  the  ecliptic ;  and 
farther  on  is]  the  star  Fomalhaui  in  the  fishes  mouth,  about  as 
many  degrees  south  of  that  line.  The  ninth  and  last  of  these 
stars  is  Pegasus^  in  the  wing  of  the  flying  horse,  which  is  north 
of  the  ecliptic  nearly  twenty  degrees. 

J.  Upon  what  account  are  these  nine  stars  particularly 
noticed? 

T.  They  are  selected  as  the  most  conspicuous  stars  near  the 
moon*s  orbit,  and  are  considered  as  proper  stations,  from  which 
the  moon*s  distance  is  calculated  for  every  three  hours  of  time  ; 
and  hence  are  constructed  those  tables  in  the  "  Nautical  Al- 
manac," by  means  of  which  navigators,  in  their  most  distant 
voyages,  are  enabled  to  estimate,  on  the  trackless  ocean,  the 
particular  part  of  the  globe  on  which  they  are. 

C.  What  do  you  mean  by  the  **  Nautical  Almanac  ?^* 

T.  It  is  a  kind  of  National  Almanac,  intended  chiefly  for  the 
use  of  seamen.  It  was  begun  in  the  year  1767,  by  Dr.  Maske- 
lyne,  the  Astronomer  Ro^al ;  and  is  published  several  years  in 
advance  for  the  convenience  of  ships  going  out  upon  long 
voyages.    This  work  has  been  found  eminently  important  in  the 
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course  of  voyages  round  the  world ;  and  indeed  it  is  so  highly 
useful  to  all  who  are  engaged  in  navigation,  that  mariners 
always  regard  it  as  an  indispensable  companion,  except  in  mere 
coasting  voyages. 

CONVERSATION  IV. 
Of  the  Ephemeris. 

C,  Your  second  method  of  tracing  the  ecliptic  was  by  means 
of  the  position  of  the  planets :  will  you  explain  that  now  ? 

T,  I  will ;  and,  to  render  you  perfectly  qualified  for  observ- 
ing the  stars,  I  will  explain  the  use  of  White*s  Ephemeris  *,  a 
litde  book  which  is  published  annually,  and  which  is  a  necessary 
isompanion  to  every  young  astronomer. ' 

c/T  Must  we  understand  all  this  to  study  the  stars  ? 

T.  You  must ;  or  some  other  book  of  uie  same  kind  f ,  if  you 
would  proceed  on  a  rational  plan.  Besides,  when  you  know  the 
use  of  this  book,  which  you  will  completely  with  half  an  hour*s 
attention,  you  have  nothing  more  to  do  in  order  to  find  the  po- 
sition of  the  planets  at  any  day  of  the  year,  than  to  turn  to  that 
day  in  the  Ephemeris,  and  you  will  instantly  be  directed  to  those 
^arts  of  the  heavens,  or  the  place-  in  the  zodiac,  in  which  the 
different  planets  are  situated. 

J»  What  do  jou  mean  by  the  Zodiac  ? 

T.  It  is  an  imaginary  broad  circle  or  belt  surrounding  the 
heavens,  about  sixteen  degrees  wide ;  along  the  middle  of  which 
runs  the  ecliptic.  The  term  Zodiac  is  derived  from  a  Greek 
word  signifying  an  animal,  because  each  of  the  twelve  s^s  for- 
merly represented  some  animal ;  that  which  we  now  c^  Libra 
being  by  the  ancients  reckoned  a  part  of  Scorpio.  As  it  will  be 
useful  for  you  to  have  the  names  of  the  twelve  signs  in  your 
memory,  as  well  as  the  order  in  which  they  stand,  i  will  repeat 
some  lines  written  by  Dr.  Watts,  which  will  be  easily  re- 
membered : 

M  T%e  Bam,  the  BuO^  the  heavenly  Twiiu^ 
And  next  the  Crab  the  Lion  shinei. 

The  Virffin  and  the  Scales ; 
The  Scorpion^  Archer^  and  Sea- O^oat, 
The  Man  that  holds  the  VHxtering-pot^ 

And  FUk  with  gUttering  taUs/' 

«  **  WhiW$  CcdesHal  AiUu^  or  an  improved  Ephemeris,  wherein  are  contained  the 
geooentric  places  of  the  Planets,  the  Eclipses,  Oocultations,  and  other,.Celestiai  Pheno- 
mena of  the  Tear  i  also,  a  complete  Almanack,  containing  the  Feasts  and  Fasts  of  the 
Church  of  England,  the  times  of  the  liUnations,  the  rising  and  setting  of  the  Sun  and 
Moon  and  Planets,  ftc,  adapted  to  the  meridian  and  lantude  of  Greenwich,"  ftc.  &c., 
is  the  title  of  a  shilling  hodk,  edited,  for  1858,  by  W.  S.  B.  Woodhonse,  F.R.A.S.,  that  has 
been  published  for  one  hundred  and  thirty-three  years,  by  the  Company  of  Stationers. 

t  The  **  Illustrated  London  Almanack,"  of  which  the  astronomical  part  is  edited  by 
4.  Olaisher,  Esq.,  F.BJ3.,  is  a  very  useful  and  instmctiw  book  of  xefexenoe. 


THE  EPHEMERIS.  73 

These  signs  are  generally  expressed  by  their  Latin  names ; 
and,  for  convenience  of  reference,  each  sisn  has  a  symbolic  re- 

Eresentation.  The  following  are  the  symbols,  with  the  respective 
latin  names  attached,  and  which  are  given  in  p.  46.  of  the 
Ephemeris : 

T  Aries.  SI  Leo.  t  Sagittarius. 

0  Taurus.  Xtg  Virgo.  Yf  Capricomus. 

n  Gremini.  £^  Libra.  tS2  Aquarius, 

ffi  Cancer.  Tt\^  Scorpio.  H  Pisces. 

In  astronomy,  every  circle  is  divided  into  360  degrees,  con- 
sequently each  of  the  twelve 'signs  contains  30  decrees;  every 
degree  is  divided  into  60  minutes,  and  each  minute  is  subdivided 
into  60  seconds.  The  sjrmbols  for  these  terms  are — degrees  (°), 
minutes  O*  seconds  (^^).  Hence  £ti  25°  IV  45^\  means  25 
degrees,  11  minutes,  45  seconds  in  Libra. 

C  Are  there  not  also  many  other  symbolic  signs  ? 

T.  There  are  signs  for  the  sun,  moon,  and  planets ;  and  also 
for  their  relative  positions,  &c  They  are  all  given  in  the  same 
page,  and  are  as  follows : 

O  The  Sun.  ^  Mars. 

7/  Jupiter. 
O  Full  Moon.  ^  Saturn. 

0  New  Moon.  Iff^  Uranus. 

J  First  Quarter.  Ip  Neptune. 

([  Last  Quarter. 

B  Vesta. 
§  Mercury.  -fr  Juno. 

$  Venus.  ^  Ceres. 

0  Earth.  $  Pallas. 

The  symbols  for  the  new  asteroids  will  be  given  hereafter. 

C  What  is  the  meaning  of  the  word  Ephemeris  ? 

T.  It  is  derived  from  two  Greek  words,  signifying  "upon 
days  ;**  and  is  a  kind  of  diary  or  journal  of  the  position  and  re- 
lations of  the  heavenly  bodies.  You  will  find  that  the  double 
page  contains  no  less  than  twenty-one  columns.  We  will  take 
a  hasty  glance  at  these ;  and  you  will  thus  become  acquainted 
with  many  astronomical  terms,  and  will  see  the  large  amount  of 
information  that  is  necessarily  collected  together  for  the  guidance 
of  those  who  use  the  Ephemeris* 

CoL  I.  gives  the  day  of  the  month.  We  select  Jan.  2d  for 
illustration. 

CoL  U.  gives  the  day  of  the  week,  and,  if  Sunday,  the  Sunday 
letter  for  1853,  b. 
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CoL  nL  giyes  ibe  festival^  or  2d  Sondaj  after  Christmas. 

CoL  lY.  the  time  the  son  rises,  8h.  9m.,  or  9  minotes  past  8. 

CoL  y.  the  time  of  sunset,  3h.  59m.,  or  1  minute  to  4. 

CoL  YL  the  difference  between  mean  time  and  apparent 
time,  on  this  daj  4m.  278.  The  clock,  which  represents  mean 
time,  indicates  noon  4  minutes  and  27  seconds  before  the  sun, 
representing  apparent  time,  reaches  the  meridian,  or  becomes 
due  south.  Wnen  speaking  of  the  Equation  of  Time,  I  shall  be 
able  to  pve  jou  some  more  information  upon  this  point. 

Col,  YlL  gives  the  sun's  riffht  ascension,  which  is  its  distance 
tt  noon  from  a  meridian  passmg  through  die  commencement  of 
the  ecliptic,  or  the  first  point  of  tbe  constellation  Aries.  It  is 
expressed  in  time,  18h.  52m.  35s.  As  the  earth,  which  is  |in 
dmimference  a  circle  of  360^,  rerolyes  in  24  hours,  an  hour 
represents  15^;  so  that  time  and  degrees  are  mutually  convertible. 
On  March  21st  at  noon  the  sun  is  onlj  2m.  588.  from  the 
meridian ;  so  that  a  little  before  noon  on  that  day  it  is  on  the 
meridian. 

CoL  VUL  shows  the  declination  of  the  sun  at  noon,  or  its 
distance  north  or  south  from  the  equator ;  it  is  now  22^  54^ 
south.  Its  greatest  distance  south  is  on  December  21st,  when 
it  is  230  28'. 

CoL  IX.  is  the  sun's  longitude,  or  place  in  the  ecliptic  ex- 

Jressed  bj  the  sign,  in  decrees  and  minutes,  &c.    At  noon,  on 
anuarj  2d,  it  is  at  11^  4°21''  of  Capncomus. 
The  sun's  latitude,  or  distance  N.  or  S.  from  the  ecliptic,  is 
extremely  small,  and  varies  but  little,  and  that  slowly.    It  is 

fiven  each  sixth  day  in  a  small  column  at  the  top  of  the  risht- 
and  page :  it  is  on  January  Ist  six- tenths  of  a  second  norm  of 
the  ecliDtic. 

CoL  X.  contains  a  guide  to  the  relatvie  distance  between  the 
centre  of  the  earth  and  the  centre  of  the  sun«  As  it  is  ex- 
pressed in  logarithms,  which  you  have  not  yet  studied,  I  will 
not  attempt  to  explain. 

CoL  XL  shows  the  distance  in  time  of  the  first  point  of 
Aries  from  the  meridian,  at  noon,  by  a  clock  keeping  mean 
time.  It  is  called  siderial  time,  and  refers  to  the  time  b^ween 
the  departure  of  a  meridian  of  the  earth  from  a  star  till  its 
next  return  to  it 

Cols.  Xn.  to  XIX.  give  particulars  respecting  the  moon ;  its 
lime  of  rising ;  and  its  reaching  the  south,  32  minutes  past  5  in 
the  morning ;  its  right  ascension  or  dbtance  from  the  m*8t  point 
of  Aries,  expressed  m  time,  12  hours  33  minutes ;  its  declination, 
or  distance  nortii  or  south  of  the  equator,  2°  T  north ;  its  lon- 
gitude, or  place  in  the  ecliptic^  6°  44^  of  Libra ;  its  latitude, 
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5^  13'  north  of  the  ecliptic;  its  semi-^diameter,  or  the  angle 
16'  2^',  it  would  subtend  or  produce  if  seen  from  the  centre  of 
the  earth ;  and,  finally,*  its  horizontal  paraUaxy  5S'  44^',  or  the 
greatest  angle  under  which  the  eartn*s  semi-diameter  at  the 
equator  would  be  seen  if  viewed  from  the  centre  of  the  moon. 

Col,  XX.  gives  the  time  of  high  water  at  London  Bridge  in 
the  morning  as  24  minutes  past  6 ;  and  Col.  XXI.,  the  time  in 
the  aflemoon,  viz.  48  minutes  past  6. 

In  addition  to  this,  the  top  of  the  left-hand  page  shows  the 
lunations  or  times  when  the  moon  enters  her  respective  quarters. 

C  There  are  no  less  than  ten  more  little  columns  on  the  top 
of  the  right-hand  page,  some  of  which  explain  themselves,  —  as 
the  leng&  of  the  day,  which  I  have  no  doubt  is  the  time  from 
sunrise  to  sunset; — day  increased^  which  I  see,  for  January*  1st, 
is  six  minutes  since  the  shortest  day,  and  goes  on  increasing 
day  by  day.    Daylight  begins, — what  is  that  ? 

T.  It  is  the  time  when  twilight  commences,  or  the  sun  is 
18°  below  the  horizon.  The  naCs  hourly  motion  is  the  rate  of 
its  chanse  of  lonmtude ;  its  semi'diameter,  as  seen  from  the 
centre  of  the  earth ;  the  time  of  its  semi-diameter  passing  the 
meridian ;  and,  finally,  the  time  at  which  it  is  due  east.  To 
these  are  added  the  place  of  the  moon*s  ascending  node,  of 
which  more  hereafter. 

C  Are  the  clock  and  the  sun  always  different  in  time  ? 

T.  Not  always,  but  very  nearly  so.  If  vou  are  in  possession 
of  a  very  accurate  and  well-regulated  clock,  and  also  of  an 
excellent  sun-dial,  they  will  be  together  only  four  days  in  a 
year ;  now  this  column  in  the  Ephemeris  points  out  how  much 
the  dock  is  before  the  sun,  or  the  sun  before  the  clock,  for 
every  day  in  the  year. 

J,  What  are  the  four  days  in  the  year  when  the  clock  and 
dial  are  together  ? 

T.  About  the  15th  of  April,  the  15th  of  June,  the  1st  of 
September,  and  Christmas-day. 

C,  By  this  table  then  we  may  r^ulate  our  clocks  and 
watches. 

J,  In  what  manner  ? 

C  Examine  the  time  by  a  eood  clock  or  watch,  and  on  a 
good  sun-dial,  and  observe  whether  the  difference  between 
tiiem  answer  to  the  difference  set  down  in  the  table,  opposite  to 
the  day  of  observation. 
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CONVERSATION  V. 
Ofihe  SoUsr  System. 

T.  We  will  now  proceed  to  the  description  of  the  Solar 
SysUnL,  congjgting  of  the  sun  and  planets,  with  their  satellites  or 
moons ;  so  called  from  Scit  the  sun,  because  the  sun  is  supposed 
to  be  fixed  in  the  centre,  while  the  planets,  and  our  earth  among 
them,  revolye  round  him  at  different  distances. 

C.  But  are  there  not  some  people  who  believe  that  the  sun 
goes  round  the  earth  ? 

T,  Yes.  It  was  adopted  bj  Ftolemj,  a  celebrated  astrono- 
mer of  antiquity,  who  supposed  the  earth  perfectly  at  rest,  and 
the  sun,  planets,  and  fixed  stars  to  revolve  abDut  it  every 
twenty-four  hours. 

J,  And  is  not  that  the  most  natural  supposition  ? 

21  If  the  sun  and  stars  were  small  bodies  in  comparison  of 
the  earth,  and  were  situated  at  no  very  great  distance,  then  the 

2 stem  maintained  by  Ptolemy  and  his  Ic^owers  might  appear 
e  most  probable. 

J,  Are  the  sun  and  stars  very  large  bodies  then  ? 

T.  The  sun  is  more  than  a  million  of  times  larger  than  the 
earth  which  we  inhabit,  and  many  of  the  fixed  stars  are  pro- 
bably much  larger  than  he  is. 

C  What  is  the  reason,  then,  that  thej  appear  so  small  ? 

T.  This  appearance  is  caused  by  the  unmense  distance  there 
is  between  us  and  these  bodies.  It  is  known  with  certainty 
that  the  sun  is  more  than  ^6  millions  of  miles  distant  from  the 
earth,  and  the  nearest  fixed  star  is  not  less  than  two  hundred 
thousand  times  farther  firom  ns  than  even  the  sun  himself. 

C  How  can  any  one  know  this  ?  they  must  guess. 

T,  No,  it  is  no  guessing ;  it  is  a  certainty :  I  will  try  to  show 
you  how  it  is  known.  Draw  a  large  circle  on  the  lawn ;  place 
your  cap  on  one  edge  of  the  circle,  and  stand  yourself  on  the 
other  side  of  the  circle  exactiy  opposite  to  your  cap ;  now  look 
carefully  at  those  two  fir  trees  on  the  hill  at  a  distance. 

C.  I  see  tiiem :  there  is  just  enough  space  between  fthem  to 
permit  of  my  seeixig  tiie  flag-staff  on  ue  other  side  of  the  hill. 

T,  Grood :  now  come  over  to  your  cap,  and  look  again  at  the 
trees,  and  tell  me  what  you  observe. 

C.  They  now  appear  so  close  together  that  the  flag-staff  is 
hidden. 

T.  Exactly  so ;  and  if  I  were  to  measure  the  diameter  of  the 
circle,  and  then  notice  the  angle  under  which  you  had  seen  the 
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trees,  a  short  calculation  would  enable  me  to  tell  jou  their 
exact  distance. 

C  What,  without  measuring  it  ? 

T.  Yes.  But  I  see  jou  are  going  to  ask  me  what  this  has  to 
do  with  the  stars.  I  will  tell  you.  Fancy  the  flag-staff  a  star, 
and  your  two  places  of  observation  the  situation  or  the  earth  at 
opposite  times  of  the  year.  A  certain  star  has  been  examined 
from  two  such  positions,  and  it  has  not  changed  its  place  in 
respect  to  other  stars,  as  your  flag-staff  did  in  respect  to  the 
trees.  But  a  short  calculation  tells  us  that  it  would  have 
changed  its  place  had  it  been  nearer  than  I  mentioned. 

C  But  we  can  form  no  conception  of  such  distances. 

T,  No ;  but  several  methods  have  been  adopted  to  assist  the 
mind  in  comprehending  the  vastness  of  these  distances.  You 
have  some  idea  of  the  swiftness  with  which  a  cannon-ball  pro- 
ceeds from  the  mouth  of  the  gun  ? 

J,  I  have  heard  at  the  rate  of  eight  miles  in  a  minute. 

T.  And  you  know  how  many  mmutes  there  are  in  a  year. 

J.  I  can  easily  find  out  that  by  multiplying  365  days  by  24 
for  the  number  of  hours,  and  that  product  bv  60,  and  I  shall 
have  the  nimiber  of  minutes  in  a  year,  which  number  is 
525,600. 

T.  Now  if  you  diirtde  the  distance  of  the  sun  from  the  earth 
by  the  number  of  minutes  in  a  year,  multiplied  by  8,  because 
the  cannon-ball  travels  at  the  rate  of  8  miles  in  one  minute,  you 
will  know  how  long  any  body  issuing  from  the  sun,  with  the 
velocity  of  a  cannon-baU,  would  employ  in  reaching  the  earth. 

C.  If  I  divide  95,000,000  by  525,600  multiplied  by  8,  or 
4,204,800,  the  answer  will  be  more  than  22,  the  number  of  years 
taken  for  the  journey. 

T,  Is  it  then  probable  that  bodies  so  large,  and  at  such  dis- 
tances from  the  earth,  should  revolve  round  it  every  day  ? 

C  I  do  not  think  it  is.  We  might  as  reasonably  expect  the 
fire  to  revolve  round  the  meat,  instead  of  the  joint  rotating  in 
front  of  the  fire. — ^Will  you,  sir,  go  on  with  the  description  of 
the  Solar  System.  • 

T,  According  to  this  system,  the  sun  is  in  the  centre,  about 
which  the  planets  revolve  from  west  to  east ;  that  is,  if  a  planet 
is  seen  in  Aries,  it  advances  to  Taurus,  then  to  Gemini,  and 
so  on. 

J,  How  many  planets  are  there  belonging  to  the  sun  ? 

T.  There  are  eight  larger  planets,  some  of  which  have  moons ; 
and  no  less  than  twenty-three  smaller  planets.  In  fig.  2.*,  c  repre- 
sents the  Simf  nearest  to  which  revolves  Mercuryj  in  the  orbit 
marked  a ;  then  comes  Venus,  in  the  orbit  b ;  next  in  order. 
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Ifce  EarAj  i,  widi  ill  mooo ;  then  Marty  in  e;  tlien  Jupiter^ 
m  f^  with  its  four  moons  or  sateJIites ;  afterwards  Sotem,  in  g^ 


with  his  eight  moons — the  eighth  discovered  in  1848 ;  then 
Herschel,  with  his  six  moons,  in  the  orbit  A ;  and,  lastly,  Nepbme^ 
difcoyered  in  1846,  who  Has  one  moon,  and  probably  more, 
whose  orbit,  exterior  to  HerscheFs,  is  not  shown  here. 

J,  For  what  are  the  smaller  circles,  which  are  attached  to 
several  of  the  larger  ones,  intended  ? 

T.  They  are  intended  to  represent  the  orbiU  of  the  several 
satellites  or  moons  belonging  to  some  of  the  planets. 

J,  What-  do  yon  mean  by  the  word  orbit  ? 

T.  The  path  described  by  a  planet  in  its  coarse  round  the 
snn,  or  by  a  moon  round  its  primary  planet,  is  called  its  whit. 
Look  to  the  orbit  of  the  earth  in  t,  and  you  will  see  a  little 
circle,  which  represents  the  orbit  in  which  our  moon  performs 
its  monthly  journey. 

C.  What  are  the  twenty-three  smaller  planets,  which  you 
have  not  yet  named  ? 

T,  The  names  of  the  four,  which  have  been  km>wn  for  half 
a  century,  and  the  particulars  connected  with  th£  discovery, 
are: 


FIGURE  OF  THE  EARTH.  .  79 

Ceres,  discovered  by  Fiazzi,  Jan.  1.  1801. 
Fallas,       „       „         Olbers,  March' 28. 1802. 
Juno,    ,  „      „         Harding,  Sept.  1.  1804. 
Vesta        „      „         Olbers,  March  19.  1807. 

Their  orbits  are  between  those  of  Mars  and  Jupiter,  and  the 
order  of  their  distances  from  the  sun  is  Vesta,  Juno,  Ceres, 
Fallas.  The  other  nineteen,  which  are  very  recent  discoveries, 
will  be  described  with  Neptune  in  another  conversation. 
Comets  also  are  included  in  the  solar  system. 


CONVERSATION  VI. 
Of  the  Figure  of  the  Earth. 

T.  We  will  now  consider  each  part  of  the  solar  system  sepa- 
rately :  and  since  we  are  most  of  all  concerned  with  the  earth, 
we  will  begin  with  that  body. 

J,  You  promised  to  give  us  some  reason  why  this  earth 
must  be  in  the  form  of  a  globe,  and  not  a  mere  extended  plane, 
asjt  appears  to  common  observation. 

T.  Suppose  you  were  standing  by  the  sea-shore,  on  a  level 
with  the  water,  and  at  a  very  considerable  distance,  as  far  as 
the  eye  can  reach,  you  observe  a  ship  approaching;  what 
ought  to  be  the  appearance,  supposing  the  surface  of  the  sea  to 
be  a  flat  plane  ? 

C  We  should,  I  think,  see  the  whole  ship  at  once,  that  is, 
the  hull  would  be  visible  as  soon  as  the  top-mast. 

T.  It  certainly  must,  or  indeed  rather  sooner,  because  the 
body  of  the  vessel  bein^  so  much  larger  than  a  slender  mast^  it 
must  necessarily  be  visible  at  a  greater  distance. 

J.  Yes ;  I  can  see  the  steeple  of  a  church  at  a  much  greater 
distance  than  I  can  discern  the  lightning  conductor  which  is 
upon  it. 

T,  Well,  but  the  top-mast  of  a  vessel  at  sea  is  always  in 
view  some  littleTtime  before  the  hull  of  the  vessel  can  be  dis- 
cerned. Now,  if  the  surface  of  the  sea  be  globular,  this  ought 
to  be  the  appearance,  because  the  protuberance  or  swelling  of 
the  water  between  the  vessel  and  the  eye  of  the  spectator,  will 
hide  the  body  of  the  ship  some  time  after  the  (>ennant  is  seen 
above. 

C  In  the  same  way  as  if  a  high  building,  a  church  for  in- 
stance, were  situated  on  one  side  of  a  hill,  and  I  was  walking 
up  the  opposite  side,  the  steeple  would  come  first  in  iigbt ;  and, 
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as  I  advanced  towards  the  summit,  the  other  parts  would  come 
successively  in  view. 

T.  Your  illustration  is  quite  to  the  purpose^  In  the  same 
waj  two  persons,  walking  up  a  hill  on  Uie  opposite  sides,  will 
perceive  each  other's  heads  first ;  and  as  they  advance  to  the 
top,  the  other  parts  of  their  bodies  will  become  visible.  With 
respect  to  the  ship,  the  following  figure  will  convej  the  idea 


Fig.  a. 

very  accurately.  Suppose  bag  represent  a  small  part  of  the 
curved  surface  of  the  sea ;  if  a  spectator  stand  at  b,  while  a 
ship  is  at  c,  only  a  small  part  of  the  mast  is  visible  to  him ; 
but,  as  it  advances,  more  of  the  ship  is  seen,  till  it  arrive  at  e, 
when  the  whole  will  be  in  sight. 

C.  When  I  stood  by  the  sea-side,  the  water  did  not  appear  to 
me  to  be  curved. 

T,  Perhaps  not ;  but  its  convexity  may  be  discovered  upon 
any  still  water :  as  upon  a  river,  which  is  extended  a  mile  or 
two  in  length ;  for  you  might  see  a  very  small  boat  at  that  dis- 
tance while  standing  upright.  If,  then,  ^ou  stoop  down  so  as 
to  bring  your  eve  near  the  water,  you  will  find  the  surface  of 
it  rising  in  such  a  manner  as  to  cover  the  boat,  and  intercept 
its  view  completely.  Another  proof  of  the  globular  figure  of 
the  earth  is,  that  it  is  necessary  for  those  who  are  employed 
in  cutting  canajs,  to  make  a  certain  allowance  for  the  con- 
vexity ;  since  the  true  level  is  not  a  straight  line,  but  a  curve 
which  falls  below  it  eight  inches  in  the  first  mile. 

C.  I  have  heard  of  people  sailing  round  the  world,  which  is 
another  proof,  I  imagine,  of  the  globular  figure  of  the  earth. 

T,  It  IS  a  w^ll-known  fact  that  navigators  have  set  out  from 
a  particular  port,  and,  by  steering  their  course  continually  west- 
ward, have  at  length  arrived  at  the  same  place  from  whence 
they  first  departed.  Now  had  the  earth  been  an  extended 
plane,  the  longer  they  had  travelled,  the  farther  must  they  have 
oeen  from  home. 

C  How  is  it  known  that  they  continued  the  same  course  ? 

T.  By  means  of  the  mariner's  compass,  which  I  will  explain 
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tin  a  future  opportunltj ;  the  method  of  Btuling  od  the  ocean  br 
one  cert^  track,  ia  nearly  as  sure  aa  traTdline  on  the  lugh 
road.  Bj  thU  metbocl,  Fei^linaQd  Magellan  saileo,  in  the  year 
1519,  from  the  nestern  coast  of  Spain,  and  continued  his  voj- 
aee  in  a  western  course.  He  was  killed  in  the  Philippine 
iaHands ;  but  hia  ship  arrived  after  1124  days  in  the  same  port 
from  which  it  had  sailed.  The  same  was  done  by  Sir  fWicis 
Draka,  Lord  Anson,  Captain  Cook,  and  many  others. 

C.  Is  then  the  common  terrestrial  globe  a  just  representa- 
tion of  the  earth  P 

T.  It  la,  with  this  small  diSerence,  that  the  artificial  elobe  is 
a  perfect  sphere,  irhereas  the  earth  is  a  spheroid,  the  diameter 
from  pole  to  poU  being  about  37  miles  shorter  than  that  at  the 

C.  What  is  a  apheroid  * 

T.  An  e^  is  an  oblong  spheroid;  an  orange  is  an  oblate 
spheroid.  The  earth  is  an  Mate  spheroid ;  but  it  is  not  nearly 
go  flat  in  proportion  at  the  poles  as  the  orange  is. 

J.  What  are  the  poles,  sir  P 

T.  In  the  artificial  globes 
there  is  an  axis  n  s  about  which 
it  turns ;  now  the  two  extremi* 
ties  or  ends  of  this  axis  x  and  s 
are  called  the  poles. 

(7.  Is  there  any  axis  belong-  '' 
iogto  the  earth  ? 

7.  No ;  but  aa  we  shall  to- 
morrow show,  the  earth  turns 
ronnd  once  in  every  twenty-four 
hours,  so  astronomers  imagine 


of  which  imBEiiary  axis  are  the  poles  of  the  eavC   .  .    . 

the  north  pate,  points  at  all  times  exactly  to  the  north  pole  of 
the  hearens,  which  we  have  already  deacribed,  and  which  is, 
as  you  recollect,  within  two  degrees  of  the  polar  star  in  the 
diagram,  &.l. 

J.  And  now  do  you  define  the  eqtuUorf 

T.  The  etputtor  x  b  (in  _/%■.  4.)  is  the  circumference  of  an 
imaginary  circle  passing  through  the  centre  of  the  earth,  per- 
pendicular to  the  axis,  h  s,  and  at  equal  distances  from  the  poles. 

C.  And  I  think  yon  told  us,  that,  if  we  conceived  tlis  circle 
extended  every  way  to  the  fixed  stars,  it  would  form  the  celeitiei 
equator. 

T.  I  did;  it  is  also  called  the  eqviiuxtial,  and  -jou  must  not 
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forget,  that,  in  this  case,  it  woald  cut  tlia  ciidauof  llie  eeliptie 
c  D  in  two  points. 

J,  Whj  IS  the  eeUpiic  marked  on  tke  tfimnliisl  fjUbe,  aance 
It  M  a  circle  peculiar  to  the  hearens  f 

T.  Thouffn  the  ecHpHe  be  peculiar  to  the  heafww  and  the 
equator  to  the  earth,  yet  thej  are  both  drawn  on  terrertrial  and 
celestial  globes,  in  order,  amoiy  other  things,  to  Aom  the 
position  which  these  imaginarj  cireUs  haye  in  rehnkiQii  one  to 
another. 


CONVERSATION  TIL 

0/the  Diurnal  Motion  ofOie  Earth. 

T.  Havinff  seen  that  the  earth  is  a  globe^  I  will  show  tou 
that  thb  glooe  turns  on  an  imaginary  axis  ererj  twenty-^ur 
hours ;  and  thereby  causes  the  succession  of  day  and  nk;fat. 

C  I  shall  be  glad  to  hear  how  this  can  be  proved;  for  i^  in 
the  morning,  I  look  at  the  sun  when  rising,  it  appears  in  the 
cost,  at  noon  it  has  travelled  to  the  soutb^  imd  in  tne  evening  I 
see  it  in  the  western  part  of  the  heavens. 

J,  Yes,  and  we  observed  the  same  last  night  (March  the  Ist) 
with  respect  to  Arctunm,  for  about  eij(ht  o^dock  it  had  just 
risen  in  the  north-east  part  of  the  horizon,  and  when  we  went 
to  bed  two  hours  after,  it  had  ascended  a  good  height  in  the 
heavens,  evidently  traveling  towards  the  west. 

T.  It  cannot  be  denied  tnat  the  heavenly  bodies  i^pear  to 
rise  in  the  east  and  set  in  the  west ;  but  the  appearance  will  be 
the  aame  to  us,  whether  those  bodies  revolve  about  the  earth 
while  that  stands  still,  or  they  stand  still  while  the  earth  turns 
on  its  axis  the  contrary  way. 
(7.  Will  you  explain  this,  sir? 
T.  Suppose  o  B  o  B  to  reinresent  the 

earth,  t  the  centre  on  which  it  turns 

f^om  west  to  east,  according  to  the  OTder 

of  the  letters  o  b  c  b.   If  a  spectator  on 

the  surface  of  the  earth  at  b  see  a  star 

at  H,  it  will  appear  to  him  to  have  Just 

risen ;  if  now  the  earth  be  supposed 

to  turn  on  its  axis  a  fourth  of  a  revo- 
lution, the  spectator  will  be  carried 

fVom  B  to  c,  and  the  star  will  be  just 

over  his  head ;  when  another  fourth 

part  of  the  revolution  is  completed, 

the  spectator  will  be  at  b,  md  to  him  I'lg-  fi- 
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the^  star  at  h  will  be  setting,  and  will  not  be  visible  again  till  he 
arrive  by  the  rotation  of  the  earth,  at  the  station  B. 

C  To  the  spectator,  then,  at  b,  the  appearance  would  be  the 
same  whether  ne  turned  witli  the  earth  into  the  situation  b,  or 
the  star  at  h  had  described,  in  a  contrary  direction,  the  qxice  H 
V  o  in  the  same  time. 

T,  It  certainly  would. 

J.  But  if  the  earth  really  turned  on  its  axis,  riiould  we  no 
perceive  its  motion  ? 

T.  The  motion  of  the  earth,  in  its  diurnal  rotation,  being 
subject  to  no  impediments  by  resisting  obstacles,  cannot  affect 
the  senses*  In  the  same  way  ships  on  a  smooth  sea  are  fire* 
quently  turned  entirely  round  by  the  tide,  without  the  know* 
ledge  of  those  persons  who  happen  to  be  busy  in  the  cabin,  or 
between  the  decks. 

C  That  is,  because  they  pay  no  attention  to  any  other  object 
but  the  vessel  in  which  they  are.  Every  part  of  tiie  ship  moves 
with  themselves. 

•71  But  if^  while  the  ship  is  turning,  without  their  knowledge, 
they  happen  to  be  looking  at  fixed  distant  objects,  what  will  be 
the  appearance  P 

T,  To  them,  the  objects  whi<^  are  at  rest  will  appear  to  be 
turning  round  the  contrary  way.  In  the  same  manner  we  are  de* 
ceived  m  the  motion  of  the  earth  round  its  axis ;  for,  if  we  attend 
to  nothing  but  what  is  connected  with  the  earth,  we  cannot  per«- 
oeive  a  motion  of  which  we  partake  ourselves,  and  if  we  fix  our 
eyes  on  the  heavenly  bodies,  the  motion  of  the  earth  being  so 
easy,  they  will  appear  to  be  turning  in  a  direction  contrary  to 
tiie  real  motion  of  the  earth. 

C.  I  have  sometimes  seen  a  skylaik  hovering  and  singing  over 
a  particular  field  for  several  minutes  togetiier ;  now  if  the  earth 
is  continuallv  in  motion  while  the  bird  remains  in  the  same  part 
of  the  air,  whv  do  we  not  see  die  field,  over  which  he  first  aii- 
cended,  pass  n*om  under  him  ? 

T.  Because  the  atmosphere  in  which  the  lark  is  suspended  is 
connected  with  the  earth,  partakes  of  its  motion,  and  carries  the 
lark  along  with  it ;  and  therefore,  independently  of  the  motion 
given  to  the  bird  by  the  exertion  of  its  wings,  it  has  another  in 
common  with  the  earth,  yourself,  and  all  things  on  it,  and  being 
common  to  us  all,  we  have  no  methods  of  ascertaining  the  fact 
by  means  of  the  senses. 

J.  Though  the  motion  of  a  ship  cannot  be  observed,  without 
objects  at  rest  to  compare  with  it,  yet  I  cannot  help  thinking 
that,  if  the  earth  moved,  we  should  be  able  to  discover  it  by 
means  of  the  stars,  if  they  are  fixed. 

Q  2 
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T,  Do  jou  not  remember  once  sailing  very  swifllj  on  tliQ 
river,  when  you  told  me  that  jou  thought  all  tiie  trees,  houses^ 
&c^  on  its  banks  were  in  motion  ? 

J,  I  now  recollect  it  well ;  and  I  had  some  difficoltj  in  per« 
goading  myself  that  it  was  not  so. 

C,  Tliis  brings  to  my  mind  a  still  stronger  deception  of  this 
sort :  when  travelling  with  great  speed  on  the  railway,  I  sud- 
denly waked  from  a  sleep,  and  I  could  scarcely  help  thinking, 
for  several  minutes,  but  that  the  trees  and  hedges  were  running 
away  from  us,  and  not  we  from  them. 

T,  I  will  mention  another  curious  instance  of  this  kind  ;  if 
you  ever  happen  to  travel  pretty  swifUy  in  a  carriage,  by  the 
side  of  a  field  ploughed  into  long  narrow  ridges,  and  perpendi- 
cular to  the  roHEul,  you  will  think  that  all  the  ridges  are  turning 
round  in  a  direction  contrary  to  that  of  the  carnage. 

C.  You  have  already  given  us  one  other  proof  of  the  rotation 
of  the  earth  on  its  axis,  wnich  although  it  was  not  self-evident,  — 
I  mean  the  famous  pendulum  experiment, — but  required  no 
small  exercise  of  reason,  yet,  when  associated  with  all  this  other 
evidence,  it  cannot  but  be  recognised  as  a  most  forcible  proof. 

T.  If  the  earth  (fie,  4.)  turns  on  its  axis  in  24  hours,  at  what 
rate  will  any  part  ofthe  equator  a  b  move  P 

C  To  determine  this  we  must  find  the  measure  of  its  circum- 
ference, and  then,  dividing  this  by  24,  we  shall  get  the  number 
of  miles  passed  through  in  an  hour. 

J,  Just  so;  now  call  the  semi-diameter  ofthe  earth  4000  miles, 
which  is  rather  more  than  the  true  measure. 

J.  Multiplying  this  by  six*  will  give  24,000  miles  for  the  cir- 
cumference of  the  earth  at  the  equator,  and  this,  divided  by  24, 
gives  1000  miles  for  the  space  passed  through  in  an  hour,  by  an 
inhabitant  of  the  equator. 

T.  You  are  right.  The  sun,  I  have  already  told  you,  is  95 
millions  of  miles  distant  from  the  earth ;  tell  me,  therefore, 
Charles,  at  what  rate  that  body  must  travel  to  go  round  lie 
earth  in  24  hours. 

C  I  will ;  95  millions  multiplied  by  6  will  give  570  millions 
of  miles  for  the  length  of  his  curcuit.;  this  divided  by  24  gives 
nearly  24  millions  of  miles  for  the  space  he  must  travel  in  an 
hour,  to  go  round  the  earth  in  a  day. 

«  If  the  reader  would  be  Msenrate  in  hia  calculationt,  he  mnit  take  the  mean  radios  of 
the  earth  at  806A  miles,  and  this,  multiplied  by  6*28818,  will  give  24,912  miles  for  the  cir- 
oamfsrenoe.  Through  the  remainder  of  this  work,  the  decimals  in  multiplication  are 
omitted,  in  order  that  the  mind  may  not  be  burdened  with  Ofdd  numbers.  It  seemed 
neeeseary,  however,  in  this  place,  to  give  the  true  semi-diameter  of  the  earth,  and  the 
n«mber  (accurate  to  Ave  places  of  decimals)  hv  which,  if  the  radius  of  any  circle  be  mul- 
tiplied, the  drcumftrenoe  is  obtained.  Mr.  Flayfalr  makes  the  longest  semi-diameter  of 
Hm  earth  to  be  SeoSJImUes,  and  the  shorter  894aAinilM.  "" 
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T,  Which  now  is  the  more  probable  conclusion,  either  that 
the  earth  should  have  a  diurnal  motion  on  its  axis  of  1000  miles 
in  an  hour,  or  that  the  sun,  which  is  a  million  of  times  larger  than 
the  earth,  should  travel  24  millions  of  miles  in  the  same  time  ? 

J,  It  is  certainly  more  rational  to  conclude  that  the  earth 
turns  on  its  axis,  the  effect  of  which  you  told  us  was  the  alter* 
nate  succession  of  day  and  night.  * 

T,  I  did  ;  and  on  this  and  some  other  topics  we  will  enlarge 
to-morrow. 


CONVERSATION  VUI. 
Of  Day  and  Night 

J,  You  propose  now,  sir,  to  apply  the  rotation  of  the  earth 
about  its  axis  to  the  succession  of  day  and  night. 

T.  I  do ;  and  for  this  purpose  suppose  a  b  c  b  {fig,  5.)  to  be 
the  earth,  revolving  on  its  axis,  according  to  the  order  of  the 
letters,  that  is,  from  a  to  b,  r  to  c,  &c.  If  the  sun  be  fixed  in 
the  heavens  at  z,  and  a  line  h  o  be  drawn  through  the  centre 
of  the  earth  t,  it  will  represent  that  circle,  which,  when  ex- 
tended to  the  heavens,  is  called  the  rational  horizon, 

C.  In  what  does  this  differ  from  the  sensible  horizon  f 

T,  The  sensible  horizon  is  that  circle  in  the  heavens  which 
bounds  the  spectator*s  view,  and  which  is  greater  or  less,  ac- 
cording as  he  stands  higher  or  lower.  For  example :  an  eye 
placed  9Xfive  feet  above  the  surface  of  the  earth  or  sea  sees 
2.^  miles  every  way ;  but  if  it  be  at  20  feet  hi^h,  that  is,  4  times 
the  height,  it  will  see  5^  miles,  or  twice  the  distance. 

C  Then  the  sensible  differs  from  the  rational  horizon  in  this, 
that  i\i&  former  is  seen  from  the  Surface  of  the  earth,  and  the 
latter  is  supposed  to  be  viewed  from  its  centre. 

T,  You  are  right ;  and  the  rising  and  setting  of  the  sun  and 
stars  are  always  referred  to  the  rational  horizon. 

J,  Why  so  r  They  appear  to  rise  and  set  as  soon  as  they 
get  above,  or  sink  below,  that  boundary  which  separates  the 
visible  from  the  invisible  part  of  the  heavens. 

T,  They  do  not,  however ;  and  the  reason  is  this,  that  the 
distance  of  the  sun  and  fixed  stars  is  so  great  in  comparison 
of  4000  miles  (the  difference  between  the  surface  and  centre  of 
the  earth),  that  it  can  scarcely  be  taken  into  account. 

C  But  4000  miles  seem  to  me  an  immense  space. 

T,  Considered  separately,  they  are  so ;  but  when  compared 
with  95  millions  of  miles,  the  distance  of  the  sun  from  the 
earth,  they  almost  vanish  as  nothing. 

o  3 
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J.  Bnt  do  the  rising  and  setting  of  tlie  moon,  which  is  at  the 
distance  of  240  thousand  miles  <mlj,  respect  idso  the  rational 
horijEon  ? 

T.  Certainly ;  for  4000  compared  with  240  thousand,  bear 
only  the  proportion  of  1  to  60.  Now  if  two  spaces  were  marked 
out  on  toe  earth  in  different  directions,  the  one  60  and  the 
other  61  yards,  should  you  at  once  be  able  to  distinguish  the 
greater  from  the  less  ? 

C  I  think  not. 

T,  Just  in  the  same  manner  does  the  distance  of  the  centre 
from  the  surface  of  the  earth  vanish  in  comparison  of  its  dis- 
tance from  the  moon.  There  is  a  difference,  howcTer,  connected 
with  what  astronomers  called  paraUax ;  but  this  is  not  the  time 
to  explain  that  peculiarity. 

J,  No ;  our  present  business  is  with  the  sucoession  of  day 
and  niffbt. 

T,  Well,  then ;  if  the  sun  be  supposed  at  z,  it  will  illuminate, 
by  its  rays,  all  thai  part  of  the  earth  that  is  above  the  horizon 
HO.  To  the  inhabitants  at  a,  its  western  boundary,  it  will 
appear  just  rising  |  to  those  situated  at  b,  it  will  be  noon ;  and 
to  those  in  the  eastern  part  of  the  horizon,  c,  it  will  be  setting. 

C  I  see  dearly  why  it  should  be  noon  to  those  who  live  at 
B,  because  the  sun  is  just  over  their  heads ;  but  it  is  not  so 
evident  why  the  sun  must  appear  rising  and  setting  to  those 
who  are  at  o  and  c. 

7*.  You  are  satisfied  that  a  spectator  Cannot  from  any  place 
observe  more  than  a  semicircle  of  the  heavens  at  any  one  time ; 
now  what  part  of  the  heavens  will  the  spectator  at  a  observe  ? 

J,  He  will  see  the  concave  hemisphere  z  o  it. 

T.  The  boundary  to  his  view  will  be  K  and  z,  will  it  not  ? 

C,  Yes :  and  consequently  the  sun,  at  z,'  will  to  him  be  just 
comingjnto  sight. 

T.  Then,  by  the  rotation  of  the  earth,  the  spectator  at  a 
Will  in  a  few  hours  come  to  b,  when,  to  him,  it  will  be  noon ; 
and  those  who  live  at  b  will  have  descended  to  o  {  now  what 
part  of  the  heavens  will  they  see  in  this  situation  ? 

J.  The  concave  hemisphere  n  h  z,  and  z  being  the  boundary 
of  their  view  one  way,  the  sun  will  be  to  them  setting. 

T,  Just  so.  After  which  they  will  be  turned  away  from  the 
tun,  and  consequently  it  will  be  night  to  them  till  they  come 
again  to  o.  Thus,  by  thb  simple  motion  of  the  earth  on  its 
axis,  every  part  of  it  is  by  turns  enlightened  and  warmed  by 
the  cheenug  beams  of  the  sun. 

C,  Does  this  motion  of  the  earth  account  also  for  the  ap* 
parent  motion  of  the  fixed  stars  ? 
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T.  It  is  owing  to  the  rotation  of  the  earth  upon  its  axis,  that 
we  imagine  the  whole  starry  firmament  revolves  about  the  earth 
in  24  hours. 

J,  If  the  heavens  appear  to  turn  on  an  axisj  must  there  not 
be  two  points,  namely,  the  extremities  of  that  imaginary  azb, 
which  always  keep  their  position  ? 

T,  Yes ;  we  must  be  understood  to  except  the  two  celestial 
poles,  whidi  are  opposite  to  the  poles  of  the  earth :  consequently 
each  fixed  star  appears  to  describe  a  greater  or  a  less  circle 
round  these,  according  as  it  is  more  or  less  remote  from  those 
celestial  poles. 

J.  If  every  part  of  the  heavens  be  thus  adorned,  why  do  we 
not  see  the  stars  in  the  day,  as  well  as  the  night  ? 

T.  Because,  in  the  daytime  the  sun^s  rays  are  so  powerful  as 
to  render  those  which  come  fW)m  the  fixed  Bttixfi  invisible.  But 
if  you  ever  happen  to  go  down  into  any  very  deep  mine  or 
ooal-pit,  where  the  rays  of  the  sun  cannot  reach  the  eye,  and  it 
be  a  clear  day,  you  may,  by  looking  up  to  the  heavens,  see  the 
stars  at  noon  as  well  as  in  uie  night. 

C.  If  the  earth  always  revolve  on  its  axis  in  24  hours,  why 
does  the  length  of  the  day«  and  nights  differ  in  different  seasons 
of  the  year? 

T.  This  depends  on  other  causes  connected  with  the  earth's 
onmca/ journey  round  the  sun,  upon  which  we  will  converse  the 
next  time  we  meet. 


CONVERSATION  IX. 
Of  the  Annual  Motion  of  the  Earth, 

T.  Besides  the  diurnal  motion  of  the  earth,  by  which  the 
succession  of  day  and  night  is  produced,  it  has  i^iother,  called 
its  annual  motion,  which  is  the  journey  it  performs  round  the 
sun  in  36^  days,  6  hours,  48  minutes,  and  49  seconds,  and 
which  is  the  cause  of  the  different  lengths  of  the  days  and 
nights,  and  consequently  of  the  different  seasons,  viz.  Springs 
Summer^  AuJtwnn^  and  Winter. 

J.  How  is  it  known  that  the  earth  makes  this  annual  journey 
round  the  sun  P 

21  I  told  you  yesterdav  that,  through  the  shafl  of  a  very  deep 
mine,  the  stars  are  visible  in  the  day  as  well  as  in  the  night. 
They  are  abo  visible  in  the  daytime,  by  means  of  a  telescope 
properly  fitted  up  for  the  purpose;  by  this  method,  the  sun 
*  and  stars  are  visible  at  the  same  time.  Now  if  the  sun  be  seen 
in  a  line  with  a  fixed  star  to-day  at  any  particular  hour,  it 

G  4 
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win,  in  a  few  weeks,  by  the  motion  of  the  earth,  be  found  con- 
siderably to  the  east  of  him ;  and  if  the  observations  be  con- 
tinued through  the  year,  we  shall  be  able  to  trace  him  round 
the  heavens  to  the  same* fixed  star  from  which  we  set  out; 
conse(|uently  the  sun  must  have  made  a  journey  round  the 
earth  m  that  time,  or  the  earth  round  him. 

C.  And  the  sun  being  a  million  of  times  larger  than  the 
earth,  you  will  say  that  it  is  more  natural,  that  the  snudler 
body  SDOuld  go  round  the  larger,  than  the  reverse. 

T,  That  is  a  proper  aj^ment ;  but  it  may  be  stated  in  a 
much  stronger  manner.  The  sun  and  earth  mutually  attract 
one  another,  and  since  they  are  in  eqnUibrio  by  this  attraction, 
you  know,  tiieir  momenta  must  be  equal*,  therefore  the  earth, 
neinff  the  smaller  body,  makes  out  by  its  motion  what  it  wants 
in  the  quantity  .of  its  matter,  and  of  course  it  is  that  which 
performs  the  joumejr. 

J.  But  if  you  refer  to  the  principle  of  the  lever,  to  explain 
the  mutual  attraction  of  the  sun  and  earth,  it  is  evident  that  both 
bodies  must  turn  round  some  point  as  a  common  centre. 

T,  They  do ;  and  that  is  the  common  centre  of  gravity  of  the 
two  bodies.  Now  this  point  between  the  earth  and  sun  is  within 
the  surface  of  the  latter  body. 

C  I  understand  how  this  is ;  because  the  centre  of  gravity 
between  any  two  bodies,  will  be  as  much  nearer  to  the  centre 
of  the  larger  body  than  to  that  of  the  smaller,  as  the  former 
contains  a  greater  quantity  of  matter  than  the  latter. 

T,  You  are  right :  but  you  will  not  conclude  that,  because 
the  sun  is  a  million  of  times  larger  than  the  earth,  therefore  it 
contains  a  quantity  of  matter  a  million  of  times  greater  than  that 
contained  in  the  earth. 

t/.  Is  it  then  known  that  the  earth  is  composed  of  matter  more 
dense  than  that  which  composes  the  body  of  the  sun  ? 

T.  The  earth  is  composed  of  matter  four  times  denser  that 
that  of  the  sun :  and  hence  the  quantity  of  matter  in  the  sun  is 
between  two  and  three  himdred  thousand  times  greater  than  that 
which  is  contained  in  the  earth. 

C  Then  for  the  momenta  of  these  two  bodies  to  be  equal,  the 
Telocity  of  the  earth  must  be  between  two  and  three  hundred 
thousand  times  greater  than  that  of  the  sun. 

T.  Just  so :  and  to  effect  this,  the  centre  of  gravity  between 
the  sun  and  earth  will  be  as  much  nearer  to  the  centre  of  the 
ran  than  it  is  to  the  centre  of  the  earth,  as  the  former  body  con- 
tiuns  a  greater  quantity  of  matter  than  the  latter :  and  hence  it 

«  See  Meehudcs,  Coasrenation  XIT. 
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Is  found  to  be  several  thousand  miles  within  the  surface  of  the 
sun. 

J.  I  now  clearly  perceive,  that  since  one  of  these  bodies  re- 
volves about  the  other  in  the  space  of  a  year,  and  that  they  both 
move  round  their  common  centre  of  gravity,  that  it  must  of 
necessity  be  the  earth  which  revolves  about  the  sun,  and  not  the 
sun  round  the  earth. 

T.  Your  inference  is  just.  To  suppose  that  the  sun  moves 
round  the  earth  is  as  absurd  as  to  maintain  that  a  millstone  could 
be  made  to  move  round  a  pebble.^ 


CONVERSATION  X. 

Of  the  Seasons, 

T.  I  will  now  show  you  how  the  different  seasons  are  produced 
by  the  annual  motion  of  the  earth. 

J,  Upon  what  do  they  depend,  sir  ? 

T.  Tne  variety  of  the  seasons  depends,  1st,  upon  the  len^ 
of  the  days  and  nights,  and,  2dly,  upon  the  position  of  the  earth 
with  respect  to  the  sun. 

C,  But  if  the  earth  turn  round  its  imaginary  axis  every  24 
hours,  oi^ht  it  not  to  enjoy  equal  days  and  nights  all  the  year  ? 

T.  This  would  be  the  case  if  the  axis  of  the  earth  n  s  were 
perpendicular  to  a  line  c  b  drawn  through  the  centres  of  the  sun 


Fig.e. 

and  the  earth ;  for  then,  as  the  sun  always  enlightens  one  half 
of  the  earth  bv  its  rays,  and  as  it  is  day  at  any  given  place  on 
the  globe,  so  long  as  that  place  continues  in  the  enlightened 
hemisphere,  every  part,  except  the  two  poles,  must,  durins  its 
rotation  on  its  axis,  be  one  half  of  its  time  in  the  light,  and  the 
other  half  in  darkness :  or,  in  other  words,  the  days  and  nights 
would  be  equal  to  all  the  inhabitants  of  the  earth,  excepting  to 
those,  if  any,  who  live  at  the  poles. 

J.  Why  do  you  except  the  people  at  the  poles  ? 

7\  Because  the  view  of  the  spectator  situated  at  the  poles  n 
and  8,  must  be  bounded  by  the  line  c  s ;  consequently  the  sun 


90  ASTRONOMY. 

to  him  would  nerer  appear  to  riae  or  aet,  bat  would  alwaja  be 
in  the  borizoo* 

C,  If  the  earth  were  thua  aitoated,  would  the  raja  of  the  aon 
alwinra  fall  Tertically  on  the  aame  part  of  it? 

TT  Thej  would :  and  that  part  would  be  n  a  the  eauator ; 
•ad,  aa  we  ahall  preaenUj  show,  the  heat  excited  by  tne  aun 
being  greater  or  leas  in  proportion  as  its  raja  come  more  or  len 
perpendscnlarl J  upon  anj  bodj,  the  parta  of  the  earth  about  the 
eqoMUjT  would  be  aoorched  up,  while  thoae  bejond  40  or  50  de- 
creea  on  each  aide  of  that  lin^and  the  polea  would  be  deaolated 
uj  an  unceaaing  winter. 

J.  In  what  manner  is  this  prevented  P 

T,  Bj  ihe  axis  of  the  earth  us  being  inclined  or  sloped  about 
23  degrees  and  a  half  out  of  the  perpendicular.    In  this  case 


Fig.  7. 

jou  obsenre,  that  all  the  parallel  circlea,  except  the  equator,  are 
divided  into  two  unequal  parta  having  a  greater  or  less  portion 
of  their  circumferences  in  the  enlightened  than  in  the  dark 
hemisphere,  according  to  their  situation  with  respect  to  m  the 
north,  or  a  the  south  pole. 

C  At  what  season  of  the  year  is  the  earth  represented  in  thb 
figure? 

T.  At  ottr  iummer  season ;  for  jou  observe  that  the  parallel 
circles  in  the  northern  hemisphere  have  their  greater  parts  en- 
lightened, and  their  smaller  parts  in  the  dark.  If  dl  represent 
that  circle  of  latitude  on  the  globe  in  which  Great  Britain  is 
situated,  it  is  evident  that  about  two  thirds  of  it  is  in  the  light, 
and  onlj  one  third  in  darkness. 

You  will  remember  that  paraUeU  of  latitude  are  supposed  cir- 
cles on  the  surface  of  the  earth,  and  are  shown  bj  reu  chrcles  on 
its  representative,  the  terrestrial  globe,  drawn  parallel  to  the 
equator. 

J.  Is  that  the  reason  whj  our  days  towards  the  middle  of  June 
are  16  hours  lon^,  and  the  nights  but  6  hours? 

T.  It  is ;  and  if  you  look  to  the  parallel  next  bejond  that 
marked  dl,  jou  will  see  a  still  greater  disproportion  between 
the  da^  and  night,  and  the  parallel  more  north  than  thb  is  en- 
tirelj  m  the  light 
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C  Is  it  then  always  day  there  ? 

T.  To  the  whole  space  between  that  and  the  pole  it  is  eon-* 
tinual  da^  for  some  time,  the  duration  of  which  is  in  proportion 
to  its  Ticmity  to  the  pole ;  and  at  the  pole  there  is  a  permanent 
daylight  for  six  montns  together. 

J.  And  during  that  time  it  must,  I  suppose,  be  night  to  the 
people  who  live  at  the  south  pole  P 

T.  Yes ;  the  figure  shows  that  the  south  pole  is  in  darkness ; 
and  you  may  observe  that,  to  the  inhabitants  living  in  equal 
paraUels  of  latitude,  the  one  north  and  the  other  south,  the  length 
of  the  days  to  the  one  will  be  always  equal  to  the  length  of  the 
nights  to  the  other. 

C  What,  then,  shall  we  say  to  those  who  live  at  ih%  equator, 
and,  contequently,  who  have  no  latitude  P 

T.  To  them  the  days  and  nights  are  always  equal,  and  of 
course  twelve  hours  each  in  length,  and  this  is  also  evident  from 
the  figure ;  for  in  every  position  of  the  globe  one  half  of  the 
equator  is  in  the  light,  and  the  other  half  m  darkness. 

J,  If,  then,  the  length  of  the  deys  is  the  cause  of  the  different 
seasons,  there  can  be  no  variety  In  this  respect  to  those  who  live 
at  the  equator  P 

T.  You  seem  to  forget  that  the  change  in  the  seasons  depends 
upon  the  position  of  the  earth  with  respect  to  the  sun,  that  is, 
upon  the  perpendUstdarity  with  which  the  rays  of  lieht  fkll  upon 
any  particular,  part  of  the  earthy  as  well  as  upon  &e  length  of 
days. 

C  Indeed  I  did ;  but  does  that  make  any  material  difference 
with  regard  to  the  heat  of  the  sun  P 

T,  It  does;  let  ab  represent  a  portion  of  the  earth's  surface  on 

which  the  sun*s  rays  fall  perpendi* 
oularly;  let  bo  represent  an  equal 
portion  on  which  tney  fall  obliquely 
or  aslant.   It  is  manifest  that  bg  in 

the  position  of  the  figure,  though  it 

Fi«,8.  be  equal  to  ab,  receives  but  half 

the  light  and  heat  that  ab  does.  Moreover,  by  the  sun*s  rays 
coming  more  perpendicularly,  they  come  with  greater  force,  as 
well  as  in  greater  numbets,  on  the  same  plaoe« 


CONVERSATION  XI. 

Of  the  Seasom, 

T,  If  you  now  take  a  view  of  the  earth  in  its  annual  course 
roimd  the  8iui|  considering  its  axis  as  indined  2d|  degrees  to  ^ 
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line  perpendicular  to  its  orbit,  and  keeping,  through  its  whole 
journey,  a  direction  parallel  to  itself,  jou  will  find  that,  acced- 
ing as  the  earth  is  in  different  parts  of  its  orbit,  the  rays  of  the 
sun  are  presented  perpendicularly  to  the  equator,  and  to  every 
point  of  the  globe,  witnin  23^  degrees  of  it  boti^  north  and  south. 


The  figure  represents  the  earth  in  four  different  parts  of  its 
orbit,  or  as  it  is  situated  with  respect  to  the  sun.in  the  months 
of  March,  June,  September,  and  December. 

C  The  earth*s  orbit  is  not  made  circular  in  the  figure. 

T,  No ;  but  the  orbit  itself  is  nearly  circular :  we  are,  how- 
ever, supposed  to  view  it  from  the  side  b  d,  and  therefore,  though 
almost  a  circle,  it  appears  to  be  a  Ions  ellipse.  All  circles  appear 
elliptical  in  an  oblique  view,  as  b  evident  by  looking  obliquely 
at  the  rim  of  a  basin  at  some  distance  from  you.  For  the  true 
figure  of  a  circle  can  only  be  seen  when  the  eye  is  directly  over 
its  centre.    You  observe  that  the  sun  is  not  in  the  centre. 

J,  I  do ;  and  it  appears  nearer  to  the  earth  in  winter  than  in 
the  summer. 

T.  We  are  indeed  more  than  three  millions  of  miles  nearer  to 
the  sun  in  December  than  we  are  in  June. 

C  Is  this  possible,  when  our  winter  is  so  much  colder  than 
the  summer. 

T.  Notwithstanding  this,  it  is  a  well-known  fact :  for  it  is  as- 
certained that  our  siunmer,  that  is,  the  time  that  passes  between 
the  vernal  and  autumnal  equinoxes,  is  nearly  eight  days  longer 
than  our  winter,  or  the  time  between  the  autumnal  and  vernal 
equinoxes.    Consequently  the  motion  of  the  earth  is  slower  in 
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the  former  case  than  in  the  latter ;  and  therefore,  as  we  shall  see, 
it  must  be  at  a  greater  distance  from  the  sun.  Again,  the  sun*s 
apparent  diameter  is  greater  in  our  winter  than  in  summer ;  but 
tne  apparent  diameter  of  any  object  increases  in  proportion  as 
our  distance  from  the  object  is  diminished,  and  therefore  we 
conclude  that  we  are  nearer  the  sun  in  winter  than  in  summer. 
The  Bun*s  apparent  diameter  on  January  1st  is  32^  35'^ ;  on 
July  1st,  3r.  30''. 

J,  But  if  the  earth  is  farther  from  the  sun  in  summer  than 
in  winter,  why  are  our  winters  so  much  colder  than  our  summers  ? 

T,  Because  first,  in  the  summer,  the  sun  rises  to  a  much 
greater  height  above  our  horizon,  and  therefore,  its  rays  coming 
more  perpendicularly,  a  greater  number  of  them,  as  I  showed 
you  yesterday,  must  fall  upon  the  surface  of  the  earth,  and  they 
come  also  with  greater  force ;  which  are  the  principal  causes  of 
our  great  summer*s  heat.  Secondly,  in  the  summer,  the  days 
are  very  long,  and  the  nights  short ;  therefore  the  earth  and  air 
are  heated  by  the  sun  in  the  day  more  than  they  are  cooled  in 
the  night.  And  you  must  also  remember  that  while  it  is  summer 
with  us,  it  is  winter  elsewhere.  So  that  your  objection  is  not  a 
good  one,  even  if  it  were  sound. 

J.  But  why  have  we  not  the  greatest  heat  at  the  time  when 
the  days  are  longest  ? 

T,  The  hottest  season  of  the  year  is  certainly  a  month  or  two 
after  this,  which  may  be  thus  accounted  for.  A  body  once 
heated  does  not  become  cold  again  instantaneously,  but  gra* 
dually :  now,  as  long  as  more  heat  comes  from  the  sun  in  the 
day  tnan  is  lost  in  the  night,  the  heat  of  the  earth  and  air  will 
be  daily  increasing ;  and  this  will  leyidently  be  the  case  for  some 
weeks  after  the  longest  day,  hotk,  on  account  of  the  number  of 
rays  which  fall  on  a  given  space,  and  nbo  from  the  perpendicular 
direction  of  those  rays. 

J,  Will  you  now  explain  to  us  in  what  manner  the  Beason9 
are  produced  ? 

T,  By  referring  to  the  last  figure,  you  will  observe,  that  in  the 
month  of  June,  the  north  pole  of  the  earth  inclines  towards  the 
sun,  and  consequently  brings  all  the  northern  parts  of  the  globe 
more  into  light  thata  at  any  other  time  in  the  year. 

C.  Then  to  the  people  in  those  parts  it  is  summer  ? 

T,  It  is ;  but  in  December,  when  the  earth  is  in  the  opposite 
part  of  its  orbit,  the  north  pole  declines  from  the  sun,  which 
occasions  the  northern  places  to  be  more  in  the  dark  than  in  the 
light ;  and  the  reverse  at  the  southern  places. 

J,  Is  it  then  summer  to  the  inhabitants  of  the  southern  hemir 
iphere  f 
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T.  Tes,  it  is ;  and  winter  to  ns.  In  the  montliB  of  March 
and  September,  the  axis  of  the  earth  does  not  incline  to,  nor 
decline  from,  the  sun,  but  is  perpendicular  to  a  line  drawn  from 
its  centre.  And  then  the  poles  are  in  the  boundary  of  light  and 
darkness,  and  the  sun  being  directly  vertical  to,  or  over  the 
equator,  makes  equal  day  and  night  at  all  places.  Now  trace 
the  annual  motion  of  the  earth  in  its  cnrbit  for  yourself,  as  it  is 
represented  in  the  figure. 

C.  I  will,  sir ;  about  the  20th  of  Mardi  the  earth  is  in  Libra, 
and  consequently  to  its  inhabitants  the  sun  will  appear  in  Aries, 
and  be  vertical  to  the  equator. 

T.  Then  the  equator  and  all  its  parallels  are  equally  divided 
between  the  light  and  dark 

C  Consequently  the  days  and  nights  are  equal  all  over  the 
world.  As  me  earth  pursues  its  journey  from  March  to  June, 
its  northern  hemisphere  comes  more  into  light,  and  on  the  21st 
of  that  month  the  sun  is  vertical  to  the  tropic  of  Cancer. 

T,  You  then  observe,  that  all  the  circles  parallel  to  the  equa- 
tor are  unequally  divided ;  those  in  the  noruiern  half  have  weir 
greater  portions  in  the  light,  and  those  in  the  southern  half  have 
their  larger  portions  in  darkness. 

C  Yes ;  and,  of  course,  it  is  summer  to  the  inhabitants  of  ihe 
northern  hemisphere,  and  winter  to  those  in  the  southern. 

I  now  trace  it  to  September,  when  I  find  the  sun  vertical  again 
to  the  equator,  and,  ofcourse,  the  days  and  nights  are  again  equal. 
And  following  the  earth  in  its  journey  to  December,  or  when  it 
has  arrived  at  Cancer,  the  sun  appears  in  Capricorn,  and  is  ver- 
ticAl  to  that  part  of  the  earth  called  the  tropic  of  Capricorn,  and 
now  the  southern  pole  is  enlightened,  and  all  the  circles  on  that 
hemisphere  have  their  larger  parts  in  light ;  and,  of  course,  it  is 
summer  to  those  parts,  and  winter  to  us  in  the  northern  hemi- 
sphere. The  9th  column  in  the  Ephemeris,  or  the  Sun's  Ion* 
gitude,  idiows  its  daily  position. 

T.  Can  you,  James,  now  tell  me  why  the  days  lengthen  and 
shorten  from  the  equator  to  the  polar  circles  every  year? 

J,  I  will  try  to  explain  myseli  on  the  subject,  fiecause  the 
•un  in  March  is  vertical  to  the  equator,  and  from  that  time  to 
the  21st  of  June  it  becomes  vertical  successively^  to  all  other  parts 
of  the  earth  between  the  equator  and  the  tropic  of  Cancer;  and 
in  proportion  as  it  becomes  vertical  to  the  mor^  northern  parts 
of  the  earth,  it  declines  from  the  southern,  and,  consequently, 
to  the  former  the  days  lengthen,  and  to  the  latter  they  shorten. 
From  June  to  September,  the  sun  is  a^ain  vertical  successively 
to  all  ihe  same  parts  of  the  earth,  but  m  a  reverse  order. 

C  Since  it  is  summer  to  all  thode  parts  of  the  earth  where  the 
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Bon  is  vertical,  and  we  find  that  the  son  is  Tertical  twice  in  the 
year  to  the  equator,  and  every  part  of  the  globe  between  the 
equator  and  tropics,  th^e  must  be  also  two  summers  in  a  year 
to  all  those  places. 

T.  There  are ;  and  in  those  parts  near  the  equator  th^  have 
two  harvests  every  year.  But  let  your  brother  finish  nis  de- 
scription. 

«/.  From  September  to  December  it  is  successively  vertical  to 
an  the  parts  of  the  earth  situated  between  the  equator  and  the 
tropic  of  Capricorn,  which  is  also  the  cause  of  the  lengthening 
of  the  days  in  the  southern  hemisphere,  and  of  their  becoming 
shorter  in  the  northern. 

7*.  Can  yon,  Charles,  tell  me  why  there  is  sometimes  no  day 
or  night  for  some  little  time  together  within  the  polar  circles  P 

C  The  sun  always  shines  upon  the  eartii  90  degrees  every 
way,  and  when  he  is  vertical  to  the  tropic  of  Cancer,  which  is 
234  degrees  north  of  the  equator,  he  must  shine  the  same  number 
of  degrees  beyond  the  pole,  or  to  the  po^ar  circle ;  and  while  he 
thus  shines  there  can  be  no  n^ht  to  the  people  within  that  polar 
circle,  and,  of  course,  to  the  inhabitants  at  the  southern  pdiar 
circle,  there  can  be  no  day  at  the  same  time ;  for,  as  the  sua*« 
rays  reach  but  90  degrees  every  way,  they  cannot  shine  far 
enough  to  reach  them. 

71  Tell  me,  now,  why  there  is  but  one  day  and  night  in  the 
whfde  year  at  the  poles  ? 

a  For  the  reason  which  I  have  luf^  given,  the  sun  must  shine 
beyond  the  north  pole  all  the  time  ne  is  vertical  to  those  mrts  of 
the  earth  situated  between  the  equator  and  the  tropic  o£  Cancer; 
that  is,  firom  March  the  21st  to  September  the  20th,  during  which 
time  there  can  be  no  night  at  the  north  pole,  nor  any  day  at  the 
south  pole.  The  reverse  g£  this  may  be  applied  to  the  aouthera 
pole. 

J,  I  understand  now,  that  tlie  lengtheniiig  and  shortening  of 
the  days,  and  differ^it  seasons,  are  produced  by  the  annual 
motion  of  the  earth  round  the  sun ;  the  axis  of  the  earth,  in  all 
parts  of  its  orbit,  being  kept  parallel  to  itself. 

C  But  if  the  axis  of  the  earth  is  thus  parallel  to  itsdf,  how 
can  it  in  all  positions  point  to  the  pole-star  in  the  heavens? 

T.  Because  the  diameter  of  the  earth's  orbit  a  c  is  as  nothing 

n  comparison  with  the  distance  of  the  earth  from  the  fixed  stars. 

Suppose  you  draw  two  parallel  lines,  at  the  distance  of  three  or 

four  yards  from  one  another,  will  they  not  both  point  to  the 

moon  when  she  is  in  the  horizon  ? 

J.  Yes,  oertainly ;  for  three  or  four  yards  cannot  be  accounted 


96  ASTRONOMY, 

118  anything,  in  comparison  of  240  thousand  miles,  the  distance 
of  the  moon  from  ns. 

T.  Perhaps  three  yards  bear  a  much  greater  proportion  to 
240  thousana  miles  than  190  millions  of  miles  bear  to  our  distance 
itom  the  polar  star. 


CONVERSATION  XIL 
Of  the  Equation  of  Time. 

T,  You  are  now,  I  presume,  ac(][uainted  with  the  motions  pe* 
culiar  to  this  globe,  on  which  we  live  ? 

C  Yes :  it  has  first  a  rotation  on  its  axis  from  west  to  east 
every  24  hours,  by  which  day  and  night  are  produced,  and  also 
the  apparent  diurnal  motion  of  the  heavens  from  east  to  west. 

J.  The  other  is  its  annual  revolution  in  an  orbit  round  the 
sun,  likewise  from  west  to  east,  at  ihe  distance  of  about  95  mil* 
lions  of  miles  from  the  sun. 

T,  We  will  now  proceed  to  investigate  another  curious  sub- 
ject, viz,  the  equation  of  time,  and  to  explain  to  you  the  difference 
between  eaual  or  mean,  and  apparent  time. 

C,  Will  you  tell  us  what  you  mean  by  the  words  equal  and 
apparent^  as  applied  to  time ; 

T.  Eqwd  or  mean  time  is  measured  by  a  clock,  that  is  sup* 
posed  to  go  without  any  variation,  and  to  measure  exactly 
twenty-four  hours  from  noon  to  noon ;  and  apparent  time  is 
measured  by  the  apparent  motion  of  the  sun  in  the  heavens,  or 
by  a  good  sun-dial. 

C.  And  what  do  you  mean,  sir,  by  the  equation  of  time? 

T.  It  is  the  adjustment  of  the  difference  of  time,  as  shown  by 
well-^regulated  clock  and  a  true  sun-dial. 

J,  Upon  what  does  this  difference  depend  P 

T.  It  depends,  ^r«^,  upon  the  inclination  of  the  earth*s  axis ; 
and,  secondly  upon  the  elliptic  form  of  the  earth*s  orbit ;  For, 
as  we  have  already  seen,  the  earth*s  orbit  being  an  ellipse,  its 
motion  is  quicker  when  it  is  m perihelion^  or  nearest  to  the  sun: 
and  slower  when  it  is  in  aphelion,  or  farthest  from  the  sun. 

C,  But  I  do  not  yet  comprehend  what  the  rotation  of  the  earth 
has  to  do  with  the  going  of  a  watch  or  clock. 

T,  The  rotation  of  the  earth  is  the  most  equable  and  uniform 
motion  in  nature,  and  is  completed  in  23  hours,  56  minutes^ 
and  4  seconds :  this  space  of  ^ime  is  called  a  sidereal  day,  be* 
cause  any  meridian  on  the  earth  will  revolve  from  a  fixed  star 
to  that  star  again  in  this  time.  But  a  solar  or  natural  day, 
which  our  clocks  are  intended  to  measure,  is  the  time  which 
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tmj  meridian  on  the  earth  will  take  in  reVoIying  from  the  sun 
to  the  sun  again^  which  is  about  24  hours,  sometimes  ft  little 
PAore,  but  oftener  less. 

J,  What  occasions  this  difference  between  the  solar  and  sidereal 
day? 

T.  The  distance  of  the  fixed  stars  is  so  great.,  that  the  dia^ 
ineter  of  the  earth*s  orbit,  though  190  millions  of  miles,  is,  when 
compared  with  it,  but  a  point,  and  tlierefore  any  meridian  on 
the  earth  will  revolve  from  a  fixed  star  to  that  star  again  i'n 
exactly  the  same  time,  as  if  the  earth  had  only  a  diurnal  motion 
fmd  remained  always  in  the  same  part  of  its  orbit.  But  with 
respect  to  the  sun,  as  the  earth  advances  almost  a  degree  east- 
ward in  its  orbit,  in  the  same  time  that  it  turns  eastward  round 
its  axis,  it  must  make  more  than  a  complete  rotation  before  it 
can  come  into  the  same  position  with  the  sun  that  it  had  the  day 
before.  In  the  same  way,  as  when  both  the  hands  of  a  clock  oit 
watch  set  ofi  together  at  twelve  o*clock,  the  minute-hand  must 
travel  more  than  a  whole  circle  before  it  will  overtake  the  hour* 
hand,  that  is,  before  they  will  be  in  the  same  relative  position 
again.  Thus  the  sidereal  days  are  shorter  than  the  solar  ones 
by  about  four  minutes,  as  is  evident  from  observation. 

C  Still  I  do  not  understand  the  reason  why  the  clocks  and 
4iftls  do  not  agree. 

T.  A  good  clock  is  intended  to  measure  that  equable  and 
uniform  time  which  the  rotation  of  the  earth  on  its  axis  exhibits ; 
whereas  the  dial  measures  time  by  the  apparent  motion  of  the  sun^ 
which,  as  we  have  explained,  is  subject  to  variation^  Or  thus.: 
though  the  earth's  motion  on  its  axis  be  perfectly  uniform,,  and 
consequently  the  rotation  of  the  equator  is  likewise  equable,  yet 
we  measure  the  length  of  the  natural  day  by  means  of  the  sun^ 
whose  apparent  annual  motion  is  not  in  the  equator,  or  ^ny  of  its 
parallels,  but  in  the  ecliptic,  which  is  oblique  to  it. 

J.  Do  you  mean  by  this,  that  the  equator  of  the  earth,  in  itf 
annual  journey,  is  not  always  directed  towards  the  centre  of  the 
•un  ?  '  V 

T.  I  do ;  twice  only  in  the  year,  a  line  drawn  from  the  centra 
of  the  sun  to  that  of  the  e^h  passes  through  those  points  where 
the  equator  and  ediptie  cross  one  another ;  at  all  other  times  it 
passes  through  some  other  part  of  that  oblique  circle,  which  is 
represented  on  the  globe  by  the  ecliptic  line.  Now  when  it 
passes  through  the  equator  or  the  tropics,  which  are  circlet 
parallel  to  the  equator,  the  sun  and  clocks  go  too^ether,  as  far 
us  regards  this  cause ;  but  at  other  times  they  ditfer,  because 
equal  portions  of  the  ecliptic  pass  over  the  meridian  in  tffHequal 
puts  of  tl|e  time,  on  account  of  ita  obliquity.  .  . .  i 
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C.  Can  jou'explain  ttui  b;  s  fif^nre  ? 

T.  It  if  euilj  iaowQ  bj  the  globe  this  figure  T  v  &i  mty 
represent;  T  ^  ^iU  be  tbe  equk'> 
tor,  T  S  £^  the  northern  half  of 
the  ecliptic  and  T  Vf  :2:  the 
southern  half.  Uake  chalk  or 
pencil  mftrks  a,b,c,d,  e,  f, g.  A, 
^1  round  the  equator  and  ecliptic. 
It  equal  diatancea  (suppose  20  de- 
grees) from  each  other,  beginning 
at  Arie*.      Now,  by  turning  the 

Slobe  on  its  axis,  joa  will  percaTs 
lat   all   the   marki   in    the  first 
quadrant   of  the  tciipHe,  that  is, 
-  -^  —  from  Aries  to  Cancer,  come  »0(mer 

to  the  brazen  meridian,  than  their  corresponding  marks  on  the 
*quiUor;  those  from  the  beginning  of  Cancer  to  Libra  corns 
later;  those  Irom  Libra  to  Capricorn  sooner;  and  those  from 
Capricorn  to  Aries  later. 

<  Kow,  time  is  measured  bj  the  sun-dial  aa  represented  by  the 
marks  on  the  ecliptic ;  thai  measured  by  a  good  clock,  by  those 
on  the  equator. 

C.  Then,  while  the  aun  is  in  the  first  and  third  quarters,  or, 
what  is  the  same  thing,  while  the  eartii  is  travelling  through  the 
second  and  fourth  quarters,  that  is,  from  Cancer  to  Libra,  and 
&om  CaprioorD  to  Aries,  the  ran  is  faster  than  the  clocks,  and 
while  it  IS  travelling  the  other  two  quarters  it  ia  slower. 

T.  Just  so :  because,  while  the  earth  is  travelling  through  the 
second  and  fourth  quadrants,  eaualportionaoftlie  ecliptic  come 
tooKtr  to  the  meridian  than  Uieir  corresponding  psrts  of  the 
equator:  and  during  its  journey  throuzh  the  first  and  third 
quadrants,  the  eqn^  parts  of  the  ecliptJc  arrive  later  at  the  me- 
ndian  than  their  corresponding  parts  of  the  equator. 

J.  Itl  understand  wnat  you  have  been  saying,  the  dial  and 
clocks  ought  to  agree  at  the  equinoxes,  that  is,  ou  the  30th  of 
iHardi'  and  the  23d  of  September;  but  if  I  refer  to  the  Ephe- 
aneiis,  J  find  that  on  the  former  d|iy  the  clock  ia  almost  8 
minates  before  the  sun ;  and  on  the  latter  day  the  clock  is  al- 
most  8  minutes  behind  the  sun. 

T.  If  this  difference  between  time  measured  by  the  dial  and 
clock  depended  only  on  the  inclination  of  the  earth's  axia  to  the 
planai  of  its  orbit,  the  clock  and  dial  ought  to  be  farther  at  the 
equinoxes,  and  also  on  the  21st  of  June  and  the  21st  of  De- 
iO«mba',itliat  is,  at  the  summer  and  winter  solaticea ;  because, 
on  those  days  tlie^p)MrMt<i«volutiJi>nof  the  pan  ia  p«r«lld;to 
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ijke  equator.    But  I  told  joa  there  was  another  cause  whj 

difference  labajstcd. 

.   C.  You  did :  and  that  waa  the  ell^»tic  fixrm  of  the  earth*t 

orbit. 

71  If  the  earth*8  motion  in  its  orbit  were  nnifonn,  whick  it 
would  be  if  the  orbit  were  areolar,  then  the  whole  difierence 
between  equal  time  as  shown  by  the  clock,  and  appareut  time  as 
shown  b  J  the  sun,  would  arise  vrom  the  inclination  of  the  eart]i*8 
ajus.  Bat  this  is  not  the  case,  for  the  eartb  travels  when  it  is 
nearest  the  sun,  that  is,  in  the  winter,  more  than  a  d^ree  in  24 
boors,  and  wh^  it  is  farthest  fitnn  the  son,  that  is,  in  sommer, 
less  than  a  degree  in  the  same  time;  oonseqoendj  from  this 
eaose  the  natoral  day  woold  be  of  the  greatest  length  when  the 
earth  was  nearest  the  son ;  for  it  most  continoe  toming  the 
longest  time  after  an  entire  rotation,  in.  order  to  bring  the  me- 
ridian of  an  J  place  to  the  son  asam :  and  the  shortest  day  woold 
be  when  the  earih  moTes  the  slowest  in  her  orbit.  Now  these 
ineqoalities,  combined  with  those  arising  from  the  inclination  of 
the  earth's  axis,  make  op  that  difference  which  is  shown  by  the 
^nation  table,  foond  in  the  Ephemeris,  between  good  do^ 
and  troe  son-dials.  There  is  another  caose  arising  from  what 
astronomers  call  the  equatUm  of  preceuum  in  right  Mcennon; 
bot  its  effects  are  very  small,  and  the  explication  too  intricate  to 
be  introduced  now. 


CONVERSATION  XHL 
Of  Leap'  Year,  and  the  Old  and  New  Styles. 

J,  Before  we  ^uit  the  subject  of  time,  will  you  give  us  some 
account  of  what  is  called  in  our  almanacs  Leap-year  ? 

T,  I  wilL  The  length  of  our  year  is,  as  you  know,  measured 
by  the  time  which  the  earth  takes  in  performing  her  joumepr 
round  the  sun,  in  the  same  manner  as  tne  length  of  the  day  is 
measured  by  its  rotation  on  its  axis.  Now,  to  compute  the 
exact  time  taken  by  the  earth  in  its  annual  journey,  was  a  work 
of  considerable  difficulty.  Julius  CsBsar  was  the  first  person 
irho  seems  to  have  attained  to  any  accuracy  on  thb  subject. 

C  Do  you  mean  the  first  Boman  emperor,  who  landed  also, 
in  Britain  ? 

T.  I  do.  He  was  not  less  celebrated  as  a  man  of  science, 
than  he  was  renowned  as  a  general,  being  well  acquainted  witl^ 
^e  learning  of  the  Egyptians.  He  assumed  the  length  of  the  year 
to  be  865  days  and  6  hours,  which  made  it  6  hours  longer  than 
the  Egyptian  year.    Nqfi  in  prd<^  .to  allow  for  the  odd  6  hours 
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in  each  year,  he  introduced  an  additional  day  every  fourth  year,- 
which  accordingly  consists  of  366  days,  and  is  called  Leap'Yeari 
while  the  other  three  have  only  365  days  each.  From  him  it 
was  denominated  the  Jtdian  year.  ' 

J,  It  is  also  called  Bissextile  in  the  Alm&nacs;  what  does 
that  mean  ? 

T.  The  Romans  inserted  the  intercalary  day  between  the 
23d  and  24th  of  February :  and  because  the  23d  of  February, 
in  their  calendar,  was  called  sexto  caUndas  Martii^  the  6th  of 
the  calends  of  March,  the  intercalated  day  was  called  bis  sexto 
calendas  Martii,  the  second  sixth  of  the  calends  of  March,  and 
hence  the  year  of  intercalation  had  the  appellation  of  Bissextile* 
This  day  was  chosen  at  Rome,  on  account  of  the  expulsion  of 
Tarquin  from  the  throne,  which  happened  on  the  23d  of 
February.  We  introduce  in  Leap- Year  a  new  day  in  the  same 
month,  namely,  the  29th. 

C,  Is  there  any  rule  for  knowing  what  year  is  Leap-Year  ? 

T,  It  is  known  by  dividing  the  date  of  the  year  b^  4 ;  if  thera 
be  no  remainder  it  is  Leap-Year;  thus  1853  divided  by  4, 
leaves  a  remainder  of  1,  showing  that  it  is  the  first  year  after 
Leap-Year. 

J,  The  year,  however,  does  not  consist  of  365  days  and  6 
hours,  but  of  365  days,  5  hours,  48  minutes  and  49  seconds.* 
Will  not  this  occasion  some  error  P 

T,  It  will ;  and  by  subtracting  the  latter  number  from  the 
former,  you  will  find  that  the  error  amounts  to  1 1  minutes  and 
11  seconds  every  year,  or  to  a  whole  day  in  about  130  years ; 
notwithstanding  this,  the  Julian  year  continued  to  be  in  general 
use  till  the  year  1582,  when  Pope  Gregory  XIII.  undertook  to 
rectify  the  error,  which  at  that  time  amounted  to  ten  days.  He 
accordingly  commanded  the  ten  days  between  the  4th  and  15til 
of  October  in  that  year  to  be  suppressed,  so  that  the  5  th  day  of 
that  month  was  called  the  15th.  This  alteration  took  place 
through  the  greater  part  of  Europe,  and  the  year  was  afterwards 
called  the  Gregorian  year,  or  New  Style,  In  this  country,  the 
method  of  reckoning,  according  to  the  New  Style,  was  not  ad- 
mitted into  our  calendars  until  the  year  1752,  when  the  error 
amounted  to  nearly  1 1  days,  which  were  taken  from  the  month 
of  September,  by  calling  the  3d  of  that  month  the  14th. 

(7.  By  what  means  will  this  accuracy  be  maintained  ? 

T»  The  error  amounting  to  one  whole  day  in  about  130 
years,  it  is  settled  by  an  act  of  parliament,  that  the  year  1800 
aad  the  year  1900,  which  are,  according  to  the  rule  just  giyen, 
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tieap-Yea]*8,  shall  be  computed  as  common  years,  having  only 
365  days  in  each :  and  that  eyerjfour  hundredth  year  after^ 
wards  shall  be  a  common  year  also.  If  this  method  be  adhered 
to,  the  present  mode  of  reckoning  will  not  vary  a  single  day 
from  true  time,  in  less  than  5000  years. 

By  the  same  act  of  parliament,  the  legal  beginning  of  the 
year  was  changed  from  the  25  th  of  March  to  the  1st  of  Janu* 
ary.  So  that  the  succeeding  months  of  January,  February,  and 
March,  up  to  the  24th  day,  which  would,  by  the  Old  Style, 
have  been  reckoned  part  of  the  year  1752,  were  accountea  as 
the  first  three  months  of  the  year  1753.  Hence  we  sometimes 
see  such  a  date  as  this,  Feb.  10.  1774-5,  that  is,  according  to 
the  Old  Style  it  was  1774,  but  according  to  the  New  it  is  1775, 
because  now  the  year  begins  in  January  instead  of  March. 

The  Old  Style  still  prevails  in  Russia :  but  in  every  other 
part  of  Europe  it  is  now  abolished. 


CONYERSATION  XIV- 
Of  the  Moon. 

T,  You  are  now,  gentlemen,  acquainted  with  the  reasons  for 
the  division  of  time  mto  days  and  years. 

C  These  divisions  have  their  foundation  in  nature :  the 
former  depending  upon  the  rotation  of  the  earth  on  its  axis ; 
the  latter  upon  its  revolution  in  an  elliptic  orbit  about  the  sun 
as  a  centre  of  motion. 

J.  Is  there  any  natural  reason  for  the  division  of  years  into 
weeks,  or  of  days  into  hours,. minutes,  and  seconds  ? 

T,  The  first  of  these  divisions  was  introduced  by  Divine  au« 
thority ;  the  secopd  class  was  invented  for  the  convenience  of 
mankmd.  There  is,  however,  another  division  of  time  marked 
out  by  nature. 

C.  What  is  that,  sir  ? 

T.  The  length  of  the  vumOi ;  not,  indeed,  that  month  which 
consists  of  four  weeks,  nor  that  by  which  the  year  is  divided 
into  12  parts.  These  are  both  arbitrary.  But  by  a  month  was 
originally  meant  the  time  which  the  moon  takes  in  performing 
.her  journey  round  the  earth. 

J,  How  many  days  does  the  moon  take  for  this  purpose  ? 

T.  If  you  refer  to  the  time  in  which  the  moon  revolves  from 
•one  point  of  the  heavens  to  the  same  point  afain,  it  consists  of 
27  days,  7  hours,  and  43  minutes ;  this  is  called  the  periodical 
month  i.  but  if  you  refer  to  the  time  passed  from  new  moon  to 
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iieir  moon  again,  the  month  consists  of  29  days,  12  hours,  and 
44  minutes ;  this  is  called  the  tf/nodicdL  month. 

C  Fray  explain  the  reason  of  this  difference. 

T,  It  is  occasioned  bj  the  earth's  annual  motion  in  its  orbit. 
Let  us  refer  to  our  watch  as  an  example.  The  two  hands  are 
together  at  12  o'clock ;  now,  when  the  minute-hand  has  made  a 
complete  revolution,  are  they  together  again  ? 

J»  No ;  for  the  hour-hand  is  Mlvanced  the  twelfth  part  of  its 
revolution,  which,  in  order  that  the  other  may  overtake,  it  must 
travel  five  minutes  more  than  the  hour. 

T.  And  something  more ;  for  the  hour-hand  does  not  wiut 
«t  the  figure  1  till  the  other  comes  up :  and  therefore  they  will 
not  be  together  till  between  5  and  6  minutes  after  one. 

Now  apply  this  to  the  earth  and  moon.  Suppose  s  to  be  the 
tun ;  T  the  earth,  in  a  part  of  its  orbit  q  l  ;  and  b  to  be  the 
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position  of  the  moon.  If  the  earth  had  no  motion,  the  moon 
would  move  round  its  orbit  b  h  c  into  the  position  b  again,  in 
27  days,  7  hours,  43  minutes ;  but  while  the  moon  is  describing 
her  journey,  the  earth  has  passed  through  nearly  a  twelfth  part 
of  its  orbit,  which  the  moon  must  also  describe  before  the  two 
bodies  come  again  into  the  same  position  that  they  before  held 
with  respect  to  the  sun.  This  takes  up  so  much  more  time  as 
to  make  her  sy nodical  month  equal  to  29  days,  12  hours,  and 
44  minutes :  hence  the  foundation  of  the  division  of  time  into 
months. 

We  will  now  proceed  to  describe  some  other  particulars  re- 
lating to  the  moon,  as  a  body  depending,  like  the  earth,  on  the 
8un  for  her  light  and  heat. 

C  Does  the  moon  shine  with  a  borrowed  light  only  ? 
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T.  This  is  certain ;  for  otherwise,  if,  like  the  sun,  she  were  a 
luminous  body,  she  would  always  shine  with  a  full  orb  as  theii 
sun  does.    Her  diameter  is  nearly  2200  miles. 

J.  And  I  remember  she  is  at  the  distance  of  240,000  mile* 
from  the  earth. 

T.  The  sun  8  (in  the  last  fig.)  always  enlightens  one-half  of 
the  moon  b  ;  and  its  whole  enlightened  hemisphere,  or  a  part  of 
it,  or  none  at  all,  is  seen  by  us  according  to  her  difierenfr 
positions  in  the  orbit  with  respect  to  the  earth ;  for  only  those 
parts  of  the  enlightened  half  of  the  moon  are  visible  at  t  whiofar 
are  cut  off  by,  and  are  im'Mtn,  the  orbit. 

J.  Then  when  the  moon  is  at  b,  no  part  of  its  enlightened 
side  is  Tisible  to  the  earth  ? 

T.  You  are  right ;  it  is  then  new  moon,  or  change ;  for  it  i& 
usual  to  call  it  new  moon  the  first  day  it  is  yisible  to  the  earth, 
which  is  not  till  the  second  day  after  the  change.  And  the 
moon  being  in  a  line  between  the  sun  and  earth,  they  are  said 
to  be  in  conjunction. 

C.  And  at  A,  all  the  illuminated  hemisphere  is  turned  to  the 
earth. 

T,  This  is  CBUled/uU  moon ;  and  the  earth  being  between  the 
sun  and  moon,  they  are  said  to  be  in  opposition.  The  en- 
lightened parts  of  the  little  figures  on  the  outside  of  the  orbit 
represent  the  appearance  of  the  moon  as  seen  by  a  spectator  on 
the  earth. 

C,  But  if  the  earth  is  between  the  sun  and  the  moon,  how  cail 
the  latter  be  enlightened  by  the  sun  ? 

T,  Although  l^tween,  it  is  not  often  in  a  direct  line  between. 
It  is  at  most  times  of  full  moon,  above  or  below  the  line ;  when 
in  a  direct  line,  or  partly  so,  there  is  an  eclipse,  as  I  shall  pre^ 
sently  explain. 

J,  Is  the  little  figure,  then,  opposite  b  wholly  dark  to  show 
that  the  moon  is  invisible  at  change  f 

T,  It  is ;  and  when  it  is  at  f,  a  small  part  of  the  illuminated 
hemisphere  is  within  the  moon*s  orbit,  and  therefore  to  a  spec* 
tator  on  the  earth  it  appears  homed;  at  o  one-half  of  the  en* 
lightened  hemisphere  is  visible,  and  it  is  said  to  be  in  quadra* 
ture ;  at  h  three-fourths  of  the  enlightened  part  is  visible  to  the 
earth,  and  it  is  then  said  to  be  gibbous ;  and  at  a  the  whole  en^ 
lightened  face  of  the  moon  is  turned  to  the  earth,  and  it  is  said 
to  he/uU.    The  same  may  be  said  of  the  rest. 

The  horns  of  the  moon,  before  conjunction  or  new  moon,  are 
turned  to  the  east ;  after  conjunction  they  are  turned  to  the 
toest. 
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.  C  I  eee  tlie  figiire  is  intended  to  show  tliat  the  moon^s  Orbit 
it  elliptical :  does  she  also  turn  upon  her  axis  ? 

T,  She  does ;  and  she  requires  the  same  time  for  her  diurnal, 
totation  as  she  takes  in  completing  her  revolution  about  the 
earth ;  and  consequently,  though  everj  part  of  the  moon  is  sue** 
^essivelj  presented  to  the  sun,  yet  the  same  hemisphere  is  always 
turned  to  the  earth*  This  is  luiown  by  obs^ation  with  good 
telescopes. 

J*  Then  the  length  of  a  day  and  night  in  the  moon  is  equal 
Ao  more  than  29  days  and  a  half  of  ours  ? 

T,  It  is  so :  and  therefore,  as  the  length  of  her  year,  which  is 
ineasured  by  her  journey  round  the  sun,  is  equal  to  that  of  ours, 
she  can  have  but  about  twelve  days  and  one  third  in  a  year*; 
Another  remarkable  circumstance  relating  to  the  moon  is,  that 
the  hemisphere  next  the  earth  is  never  in  darkness ;  for  in  the 
|>osition  s,  when  it  is  turned  from  the  sun,  it  is  illuminated  by 
light  reflected  from  the  earth,  in  the  same  manner  as  we  are 
enlightened  by  a  full  moon.  But  the  other  hemisphere  of  the 
iaoon  has  a  fortnight*s  light  and  darkness  by  turns. 

C  Can  the  earth,  then,  be  considered  as  a  satellite  to  the 
Inoon? 

T.  It  would,  perhaps,  be  inaccurate  to  denominate  the  larger 
body  a  satellite  to  the  smaller :  but,  with  regard  to  affording 
reflected  light,  the  earth  is  to  the  moon  what  jSie  moon  is  to  the 
earth,  and  subject  to  the  same  changes  of  homed,  gibbous^ 
full,  &c. 

C,  But  it  must  appear  much  larger  than  the  moon. 
,    T,  The  earth  will  appear,  to  the  inhabitants  of  the  moon, 
Hbout  13  times  as  large  as  the  moon  appears  to  us.    When  it  H 
ttew  moon  to  us,  it  is  fuU  earth  to  them,  and  the  reverse. 

J,  Is  the  moon  then  inhabited  as  well  as  the  earth  ? 
r  T»  Though  we  cannot  demonstrate  this  fact,  yet  there  are 
many  reasons  to  induce  us  to  believe  it;  for  the  moon  is  » 
jsecondary  planet  of  considerable  size ; — ^its  surface  is  diversified 
like  that  of  the  earth  with  mountains  and  valleys ; — the  former 
have  been  measured  by  Dr.  Herschel,  and  some  of  them  found 
to  be  about  a  mile  in  height.  The  situation  of  the  moon,  with 
respect  to  the  sun,  is  mudi  like  that  of  the  earth ;  -  and  by  rota-» 
lion  on  her  axis,  and  a  small  inclination  on  that  axis  to  the  plane 
of  her  orbit,  she  enjoys,  though  not  a  considerable,  yet  an 
Agreeable  variety  of  day  and  night  and  of  seasons.  To  the 
moon,  our  ^lobe  appears  a  capital  satellite,  undergoing  the  same 
changes  of  illumination  as  the  moon  does  to  the  earth.  The  sun 
and  stars  rise  and  set  there  as  they  do  here,  and  heavy  bodies 
will  fall  on  the  moon  as  they  do  on  tiie  earth.    Dr.  Herschel 
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-discovered  some  jears  ago  three  volcanoes,  all  barDing,  in  the 
jnoon ;  two  of  them  appeared  to  him  nearly  extinct,  but  the' 
llkird  showed  an  actual  eruption  of  fire  or  luminous  matter* 
Be  thought  the  eruption  resembled  a  small  piece  of  bumins 
charcoal  when  it  is  covered  by  a  thin  jcoat  of  white  ashes,  whi<£ 
frequently  adhere  to  it  when  it  has  been  ignited  some  time* 
But  no  large  seas  or  tracts  of  water  have  been  observed  in  the 
moon,  nor  is  the  existence  of  a  lunar  atmosphere  certain* 
Therefore,  if  she  has  inhabitants,  they  must  materially  difi*er 
:firom  those  who  live  upon  the  earth* 


CONVERSATION  XV^ 
Of  Eclipses* 

C  Will  you,  sir,  explain  to  us  the  nature  and  causes  of 
jedipsesP 

:  2r.  I  will,  with  great  pleasure.  You  must  observe,  ,then,  that 
eclipses  depend  upon  this  simple  principle,  that  all  opaque  bodiest 
wlien  exposed  to  anv  light,  cast  a  shadow  behind  tnem. 

J.  The  earth,  bem^  a  body  of  this  kind,  must  cast  a  very 
large  shadow  on  the  side  opposite  to  the  sun. 

T.  It  does ;  and  an  eclipse  of  the  moon  hap- 
pens when  the  earth  t  passes  between  the  sun 
8  and  the  moon  m  ;  for  tnen  the  earth*s  shadow 
Is  cast  on  the  moon. 
•   C  When  does  this  happen  ? 

T.  It  is  only  when  the  moon  is  full,  or  in 
4fjAHmtion^  that  it  can  come  within  the  shadow 
ot  the  earth. 

J.  Eclipses  of  the  moon,  however,  do  not 
happen  every  time  it  is  full:  what  is  the 
^ason  of  this  ? 

T.  Because  the  orbit  of  the  moon  does  not 
coincide  with  the  plane  of  the  earth's  orbit, 
but  one  half  of  it  is  elevated  about  five  degrees 
and  a  third  above  it,  and  the  other  half  is  as 
much  below  it :  and  therefore,  unless  the  full 
moon  happen  in  or  near  one  of  the  nodes, 
that  is,  in  or  near  the  points  in  which  the  two 
orbits  intersect  each  other,  she  will  pass  Fig.i2. 

above  or  below  the  shadow  of  the  earth,  in  which  case  there  will 
be  no  eclipse. 

.  C  What  is  the  greatest  distance  from  the  node,  at  which  aa 
eclipse  of  the  moon  can  happen  ?  . 
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T,  There  can  be  no  eclipse,  if  the  moon,  at  the  time  when  she' 
k  fall,  be  more  than  twelve  degrees  from  the  node :  when  she 
ia  within  that  distance,  there  will  be  a  partial  or  total  eclipse, 
according  as  a  part,  or  the  whole  disc  or  face  of  the  moon,  falls 
within  the  earth's  shadow.  If  the  eclipse  happen  exactly  when> 
the  moon  is  fnU  in  the  node,  it  is  called  a  central  eclipse. 

J.  I  suppose  the  duration  of  the  eclipse  lasts  all  the  time  that 
the  moon  is  passing  through  the  shadow. 

T.  It  does :  and  you  observe  that  the  shadow  is  considerably 
wider  than  the  moon*8  diameter ;  and  therefore  an  eclipse  of  tha 
moon  lasts  sometimes  three  or  four  hours.  The  shadow  abo, 
you  perceive,  is  of  a  conical  shape,  and  consequently,  as  the 
moon  s  orbit  is  an  ellipse  and  not  a  circle,  the  moon  will,  at  dif- 
ferent times,  be  eclipsed  when  she  is  at  different  distances  from 
the  earth. 

C  And,  according  as  the  moon  is  nearer  to,  or  farther  from 
the  earth,  the  eclipse  will  be  of  a  greater  or  less  duration :  for 
the  shadow  being  conical  becomes  less  and  less,  as  the  distance 
from  the  body  by  which  it  is  cast  is  greater.  ^ 

T.  It  is  by  Imowinff  exactly  at  what  distance  the  moon  ia 
ttom  the  earth,  and  of  course  the  width  of  the  earth's  shadow 
at  that  distance,  that  all  eclipses  are  calculated  with  consider- 
able nccwrBCjj  for  many  years  before  they  happen.  Now  it  is 
found  that,  m  all  eclipses,  the  shadow  of  the  earth  is  conical, 
which  is  a  demonstration,  that  the  body  by  which  it  is  projected 
is  of  a  spherical  form,  for  no  other  sort  of  figure  would,  in  all 
positions^  cast  a  conical  shadow.  This  is  mentioned  as  another 
proof,  that  the  earth  is  a  spherical  body. 

J,  It  seems  to  prove  another  thing,  viz.  that  the  sun  must  be> 
a  larger  body  than  the  earth. 

T,  Your  conclusion  is  just ;      'ig.  i«- 

for  if  the  two  bodies  were  equal 
to  one  another  the  shadow  would 
be  cylindrical ;  and  if  the  earth 
were  the  larger  body,  its  shadow 
would  be  of  the  figure  of  a  cone, 
which  had  lost  its  vertex,  and 
the  farther  it  were  extended  the 
larser  it  would  become.  In 
either  case  the  shadow  would  Fig.u. 

run  out  to  infinite  space,  'and  accordingly  must  sometimes  in-' 
volve  in  it  the  other  planets,  and  eclipse  them,  which  is  contrary 
to  fact.  Therefore,  since  the  earth  is  neither  larger  than,  nor 
equal  to  the  8un,«it  must  be  the  lessor  body*  We  will  now  pro- 
ceed to  the  eclipses  of  the  sun. 
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C,  How  are  these  occasioned  ? 

T,  An  eclipse  of  the  sun  happens  when  the  moon  m,  passing^ 
between  the  sun  s  and  the  earth  t,  intercepts  the  sun*8  light,  and 
hinders  it  from  coming  to  the  earth. 
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J,  The  sun  then  can  be  eclipsed  only  at  the  new  moon  ? 

T,  Certainly ;  for  it  is  only  when  the  moon  is  in  conjimctionf 
that  it  can  pass  directly  between  the  sun  and  earth. 

C.  Is  it  only  when  the  moon  at  her  conjunction  is  near  on^ 
of  its  nodes,  that  there  can  be  an  eclipse  of  the  sun  ? 

T,  An  eclipse  of  the  sun  depends  upon  this  circumstance :  for' 
unless  the  moon  is  in  or  near  one  of  its  nodes,  she  cannot  appeaif 
in  the  same  place  with  the  sun,  or  seein  to  pass  oyer  his  disc.  In 
every  other  part  of  the  orbit,  she  will  appear  above  or  below  the 
sun.  K  the  moon  be  in  one  of  the  nodes,  she  will,  in  most  cases; 
cover  the  whole  disc  of  the  sun,  and  produce  a  total  eclipse :  if 
she  be  anywhere  within  about  16  degrees  of  a  node,  a  partial 
eclipse  will  be  produced. 

The  sun*s  diameter  is  supposed  to  be  divided  into  12  equal 
parts,  called  digits,  and  in  every  partial  eclipse,  as  many  of  thescf 
parts  of  the  sun*s  diameter  as  the  moon  covers,  so  many  digita 
are  said  to  be  eclipsed. 

J,  I  have  heard  of  annular  eclipses ;  what  are  they,  sir  ? 

T.  When  a  ring  of  light  appears  round  the  edge  of  the  mood 
during  an  eclipse  of  the  sun,  it  is  said  to  be  annular,  from  the 
Latin  word  annuhu,  a  ring :  this  kind  of  eclipse  is  occasioned  by 
the  moon  being  at  her  greatest  distance  from  the  earth  at  the 
time  of  an  eclipse ;  beeause,  in  that  situation,  the  vertex,  or  tip 
of  the  cone  of  the  moon*s  shadow,  does  n9t  reach  the  surface  of 
the  earth. 

C,  How  long  can  an  eclipse  of  the  sun  last  ? 

T.  A  total  eclipse  of  the  sun  is  a  very  curious  and  uncommon 
spectacle ;  and  total  darkness  cannot  last  more  than  three  of 
four  minutes.  Some  good  observations  of  a  total  eclipse  were 
made  on  July  8.  1842.  M.  Arago  collected  them  from  various 
quarters,  ana  published  a  very  instructive  memoir  on  the  subject. 

C  I  should  like  to  hear  what  he  sa3r8  of  the  effect  of  the 
darkness. 
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T.  In  some  places  convolvulus  and  other  flowers  closed  durincj^ 
the  eclipse.  The  darkness  was  not  total ;  and  objects  presented 
a  livid  greenish  appearance.  A  dog,  to  whom  bread  was  thrown,' 
ceased  eating  it,  as  soon  as  the  eclipse  became  total ;  another, 
dog  took  refuge  between  his  master's  legs ;  horses,  oxen,  and 
asses  stopped  suddenly  when  the  darkness  came ;  ibwls  left  their 
food  and  retired  to  roost ;  a  hen  gathered  her  young  beneath 
her  wings;  ducks  fled  toward  the  bank;  ants  even  stopped  their 
course,  and  did  not  continue  journeying  on  until  the  sun  again 
appeared ;  bats  and  owls  came  from  then:  retreat^  as  if  it  were 
night;  swallows  disappeared;  birds  ceased  to  sing;  and  bees 
.returned  to  their  hives. 

C  If  I  were  unaware  of  the  approach  of  an  eclipse,  I  think  I 
:fthould  feel  very  much  alarmed  at  the  unusual  darkness. 

T,  There  was  a  child  just  in  such  a  predicament;  he  wad 
tending  a  flock  in  the  Alps,  and  to  his  horror,  he  saw  the  sun 
graduuly  losing  its  brightness,  and  no  cloud  near.  When  all 
Sie  light  had  gone,  he  burst  into  tears,  and  called  for  help :  but 
ivhen  he  again  saw  the  liffht  returning,  he  crossed  his  hands,  and 
cried  out,  **  Oh,  beautifm  sun  I  ** 

C.  I  remember  on  July  28th,  1851,  there  was  a  total  eclipse 
of  the  sun ;  and  not  being  total  here,  I  heard  that  astronomers 
Went  to  distant  places  in  order  to  observe  it.  What  made  them 
60  curious  ?  From  the  nearly  total  eclipse  in  England,  I  should 
have  thought  they  could  have  judged  of  the  quite  totaL 

T.  There  you  are  greatly  wrong.  Independently  of  the 
physical  phenomena  of  nature  which  attend  a  totu  eclipsci 
there  were  certain  rose-coloured  prominences  and  certain  beads 
of  light,  and  also  the  halo  or  corona,  that  had  been  observed  in 
the  previous  total  eclipse  on  July  8th,  1842,  and  which  required 
further  examination. 

C,  And  were  these  previous  observations  confirmed  f 
^  T.  The  rose-coloured  prominences  were  seen  by  all  ob- 
servers, and  were  found  for  the  most  part  to  be  conical  and  of 
greater  height  than  breadth.  Mr.  Lassell  took  his  station  at 
Trollhatten  Falls,  and  describes  them  as  of  a  brilliant  lake 
colour,  and  quite  defined  and  hard,  and  evidently  forming  part 
of  the  sun.  Mr.  Carrington,  at  Gota  River,  found  four  of 
them.  Two  were  in  sluipe  like  hay- cocks,  and  were  pink 
tinged  with  white.  The  appearance  of  one  of  the  others  was 
like  a  mighty  flame  burstmg  through  the  roof  of  a  house,  and 
blown  by  a  strong  wind.  The  Astronomer  Royal,  who  stationed 
Jiimself  near  Gottenberg,  was  much  struck  by  the  remarkable 
lippearance  of  these  flames. 

C.  And  were  the  beads  seen  ?  and  what  are  they  P . 


ECLIPSES,. 


lOS 


T.  These  were  not  seen  by  some  obMirers,  bwt  were  hj 
otbers.  Just  before  the  eclipse  became  total,  the  line  of  light, 
which  jet  remained  of  the  sun,  became  broken  into  a  Beries  of 
bright  spots,  like  beads  of  light,  Bome  larger  than  the  others ; 
•nd  the  same  occurred  at  the  termination  of  the  eclipse,  when 
the  first  indication  of  the  retumiiif;  aun  waa  a  scries  of  briaht 
apots,  which  graduall]'  melted  into  each  other  and  formed  a  lina 
of  light.  They  are  called  Baily's  beads.  By  some  they  arfl 
thought  to  be  an  ocular  deception. 
,    C  Did  it  become  totally  dark  ? 

T.  Some  obatfrvers  found  it  more  dark  than  others ;  which  may 
be  due  to  their  different  physical  constitutions.  The  corona  waa 
there,  which  Mr.  Lassetl  conceived  to  give  as  much  light  as  the 
fiill  moon.  The  moon,  a^  it  appeared  obscuring  the  sun,  pre- 
•ented  a  jagged  appearance  at  its  edges.  The  darkness  was  of 
ft  very  unearthly  cbarscter,  and  appears  to  have  impressed  tha 
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•bsenren  with  awe.  Tbere  was  a  lirid  look  aboat  all  natore. 
The  quick  transition  from  broad  dajl^t  to  the  darkness  of 
night  was  a  thing  to  which  the  organs  of  sight  had  not  beat 
trained.  And  if  the  astronomers  were  afiected  thus,  jou  cannot 
be  surprised  to  hear  of  the  terror  which  took  possession  of  the 
aatiTes,  who  were  taken  by  surprise  at  this  to  them  supernatural 
event.  I  should  hare  told  you  that  while  the  least  part  of  the 
sun  remains,  there  is  much  light ;  and  the  transition  to  darkness, 
when  all  is  obscured,  is  sudden. 

Mr.  Dawes,  who  obsenred  the  eclipse  at  RaTelsberg  (laL 
^e""  16'N. ;  Ion.  51'  33''  £.),  the  same  place  with  Mr.  Hind,  but 
independently,  has  given  a  sketch  of  the  red  prominences,  which 
I  have  represented  in  fig.  16.  The  shaded  appendj^es  on  the 
border  of  the  sun  show  their  position  and  shape.  I  hare  also 
added  the  halo,  as  given  by  M.  Arago  for  the  eclipse  in  1842, 
and  which  seems  to  have  presented  a  similar  a{^)earance  in  thia 
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Of  ike  Tideg. 

.  T.  We  will  proceed  to  the  consideration  of  the  2%fes,  or  the 
ebbing  and  flowing  of  the  ocean. 
;  J,  Is  this  subject  connected  widi  ailronomy  ? 

•  T,  It  is,  inasmuch  as  the  tides  are  ooeasioned  by  the  attractioa 
of  the  sun  and  moon  upon  the  wateri»  but  more  particularly  by 
that  of  the  latter.  You  will  readily  conceive  that  the  lades'  are 
dependent  upon  some  known  and  determinate  kws,  because  yoa 
have  seen  in  White*s  EfJienieris,  that  the  exact  time  of  hig^ 
crater  at  London  bridge  on  the  morning  and  afternoon  of  every 
day  in  the  year  is  set  down. 

C.  I  have  frequently  wondered  how  this  eonld  be  known  with 
such  a  degree  of  accuracy :  but  I  am  told  there  is  hardly  a  water- 
man that  plies  at  the  stairs  but  can  readilj  tell  when  it  will  be 
high  water. 

T,  The  generality  of  the  watermen  are  probably  as  ignorant 
as  yourself  of  the  cause  by  whi^  the  waters  flow  and  ebb ;  but 
by  experience  they  know  that  the  time  of  high  water  differs  on 
each  aay  about  three  quarters  of  an  hour,  or  a  little  more  or  less, 
add  therefore,  if  it  be  nigh  water  to-day  at  six  o'clock,  they  will 
at  a  guess  tell  you,  that  to-morrow  the  tide  will  not  be  up  tiU  a 
((barter  before  seven.  . 

•  •/*  Will  you  explain-the  causes?  -  ^    -  — 

T.  You  must  bear  in  your  .mind,  then,  that  the  tides  are  occa- 
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•ioned  by  the  attraction  of  the  sun  and  moon  upon  the  waters  of 
the  earth :  perhaps  a  diagram  may  be  of  some  assistance  to  you. 
Let  A  j9  T  R  be  supposed  the  earth,  c  its  centre :  let  the  dotted 


O^ 


Fig.  17. 

circle  represent  a  mass  of  water  covering  the  earth :  let  m  be  the 
moon  in  Its  orbit,  and  s  the  sun. 

Since  the  force  of  gravity  or  attraction  diminishes  as  the 
squares  of  the  distance  increase*,  the  waters  on  the  side  t  are 
more  attracted  by  the  moon  m,  than  the  central  parts  at  c ;  and 
the  central  parts  are  more  attracted  than  the  waters  at  a  ;  con- 
sequently the  waters  at  a  will  recede  from  the  centre ;  therefore 
while  the  moon  is  in  the  situation  m,  the  waters  will  rise  towards 
a  and  h  on  the  opposite  sides  of  the  earth. 

C  You  mean  uiat  Uie  waters  will  rise  at  a  by  the  immediate 
Attraction  of  the  moon  ic,  and  will  rise  at  h  by  the  centre  c  re* 
<;eding  and  leaving  them  more  elevated  there. 

T.  That  is  the  explanation.  It  is  evident  that  the  quantity 
of  water  being  the  same,  a  rise  cannot  take  place  at  a  and  S, 
without  the  parts  at  f  and  n  being  at  the  same  time  depressed, 

J,  In  this  situation  the  water  may  be  considered  as  assuming 
la  spheroidal  shape. 

T.  If  the  eartn  and  moon  were  without  motion,  and  the  earth 
covered  all  over  with  water,  the  attraction  of  the  moon  would 
raise  it  up  in  a  heap  in  that  part  of  the  ocean  to  which  the  moon 
is  vertical,  and  there  it  would  always  continue ;  but,  by  the  ro« 
;tation  of  tJie  earth  on  its  axis,  each  part  of  its  surface,  to  which 
the  moon  is  vertical,  is  presented  twice  a  day  to  the  action  of 
|he  moon,  and  thus  are  produced  two  floods  and  two  ebbs. 

C  How  twice  a  day  r 

T.  In  the  position  of  the  earth  and  moon  as  it  is  in  our  figure, 
•the  waters  are  raised  at  t  by  the  direct  attraction  of  the  moon, 
and  a  tide  is  accordingly  produced ;  but  when,  by  the  earth's 
rotation,  t  comes,  12  hours  aflerwards,  into  the  position  a, 
another  tide  is  occasioned  by  the  receding  of  the  waters  there 
jfrom  the  centra. 

•  8m  IfichMiiflg,  CoBTtmtiom  TIL 
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J.  Yon  haye  told  ns  that  the  tides  are  produced  in  those  partr 
of  the  earth  to  which  the  moon  is  yertical ;  but  this  effect  is  not 
eimfined  to  those  parts  ? 

T,  It  is  not ;  but  there  the  attraction  of  the  moon  has  the 
greatest  effect :  in  all  other  parts  her  force  is  weaker,  because  it 
acts  in  a  more  oblique  direction. 

C  Are  there  two  tides  in  everj  24  hours  P 

T.  If  the  moon  were  stationary  this  would  be  the  case ;  but 
because  that  body  is  also  proceeding  every  day  about  13  degrees 
from  west  to  east  in  her  orbit,  the  earth  must  make  more  than 
one  revolution  on  its  axis  before  the  same  meridian  is  in  con^ 
junction  with  the  moon,  and  hence  two  tides  take  place  in  about 
24  hours  and  50  minutes. 

J,  But  I  remember  when  we  were  at  the  sea-side,  that  the* 
tides  rose  hieher  at  some  seasons  than  at  others :  how  do  yoii 
account  for  this  ? 

T.  The  moon  goes  round  the  earth  in  an  elliptic  orbit ;  and, 
therefore,  she  approaches  nearer  to  the  earth  in  some  parts  of 
her  orbit  than  in  others.  When  she  is  nearest,  the  attraction  is 
the  strongest,  and  consequently  it  raises  the  tides  most ;  and 
when  she  is  farthest  from  the  earth,  her  attraction  is  the  least, 
and  the  tides  the  lowest. 

J.  Do  they  rise  to  different  heights  in  different  places  ? 

T.  They  do :  in  the  Black  Sea  and  the  Mediterranean  the 
tides  are  scarcely  perceptible.  At  the  mouth  of  the  Indus,  the 
water  rises  and  falls  full  30  feet.  The  tides  are  remarkably 
high  on  the  coast  of  Malay,  in  the  Straits  of  Sunda,  in  the  Red 
Sea,  along  the  coasts  of  China,  Japan,  &c.  In  general,  the  tidea 
xise  highest  and  strongest  in  those  places  that  are  narrowest. 

C.  iTou  said  the  sun  s  attraction  occasioned  tides  as  well  a4 
that  of  the  moon. 

T.  It  does ;  but  owing  to  the  immense  distance  of  the  sun 
fVom  the  earth,  it  produces  but  a  small  effect  in  comparison  of 
the  moon's  attraction.  Sir  Isaac  Newton  computed,  that  the 
force  of  the  moon  raised  the  water  in  the  great  ocean  10  feet, 
whereas  that  of  the  sun  raised  it  only  2  feet.  When  both  the 
attraction  of  the  sun  and  moon  act  in  the  same  direction,  that  is, 
at  new  and  full  moon,  the  combined  forces  of  both  raise  Uie  tide 
12  feet.  But  when  the  moon  is  in  her  quarters,  the  attraction 
of  one  of  these  bodies  raises  the  water,  while  that  of  the  other 
depresses  it ;  and,  therefore,  the  smaller  force  of  the  sun  must 
be  subtracted  from  that  of  the  moon ;  consequently  the  tides  in 
the  midst  of  the  ocean  will  be  no  more  than  8  feet.  The  highest 
tides  are  called  spring  tides,  and  the  lowest  are  denominated 
neap  tides. 
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J.  I  understand  that,  in  the  former  case,  the  height  to  which 
the  tides  are  raised  must  be  calculated  by  adding  together  the 
attractions  of  the  sun  and  moon  ;*  and  in  the  latter,  it  must  be 
estimated  by  the  difference  of  those  attractions. 

T,  You  are  right.  When  the  sun  and  moon  are  both  vertical 
to  the  equator  of  the  earth,  and  the  moon  at  her  least  distance 
from  the  earth,  then  the  tides  are  highest. 

C  Do  the  highest  tides  happen  at  the  equinoxes  ? 

T,  Strictly  speaking,  these  tides  do  not  happen  till  some  little 
time  after,  because  in  this,  as  in  other  cases,  the  actions  do  not 
produce  the  greatest  effect  when  they  are  at  the  strongest,  but 
some  time  afterwards ;  thus  the  hottest  part  of  the  day  is  not 
when  the  sun  is  on  the  meridian,  but  between  two  and  four 
o^clock  in  the  afternoon.  Another  circumstance  must  be  taken 
into  consideration  ;  the  sun  being  nearer  to  the  earth  in  winter 
than  in  summer,  it  is  of  course  nearer  to  it  in  February  and 
October  than  in  March  and  September ;  and  therefore,  all  these 
things  being  put  together  it  will  be  found  that  the  greatest  tides 
happen  a  little  before  the  vernal  and  some  time  after  the  au« 
tumnal  equinoxes.  The  probable  times  of  the  greatest  tides  in 
each  year  are  given  in  White's  Ephemeris. 

J,  Since  the  attraction  of  the  moon  has  a  greater  effect  in 
producing  the  tides  than  that  of  the  sun,  it  is  natural  to  conceive 
that  the  magnitude  of  the  tides  varies  with  the  distance  of  the 
moon  from  the  earth. 

T.  You  are  perfectly  right  in  that  conjecture.  The  moon*s 
attraction  upon  the  waters  is  greatest  wh^i  she  is  in  her  perigee 
or  nearest  the  earth ;  and  it  is  least  when  she  is  in  her  apogee^ 
or  the  point  farthest  from  the  earth.  The  tides  are  propor^ 
tionally  greater  in  the  former  case  than  in  the  latter.  The 
moon's  attraction  is  also  greatest,  all  other  things  being  the  same, 
when  she  is  in  the  equator.  The  moon's  dechnation  always  has 
an  effect,  more  or  less,  in  retarding  the  actual  time  of  high  water. 
Tables  are  given  in  several  books  of  astronomy  and  navigation, 
by  means  of  which  the  time  of  high  water  may  be  accurately 
computed  for  any  assigned  place,  for  any  particular  declination, 
and  for  the  various  positions  with  regard  to  the  moon's  distance 
from  the  earth. 
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Of  the  Harvest  Moon, 

T,  From  what  we  said  yesterday,  you  will  easily  understand 
why  the  moon  rises  about  three  quarters  of  an  hour  later  every 
day  than  on  the  one  preceding.       * 
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C  It  is  owing  to  the  daily  progress  which  the  moon  is 
making  in  her  orbit,  on  which  account  any  meridian  on  the 
earth  must  make-more  than  one  complete  rotation  on  its  axis, 
before  it  comes  again  into  the  same  situation  with  respect  to  the 
moon  that  it  had  before.  And  you  told  us  that  this  occasioned 
a  difference  of  about  50  minutes. 

T.  At  the  equator  this  is  generally  the  difference  of  time  be-? 
tween  the  rising  of  the  moon  on  one  day  and  the  preceding. 
But  in  places  of  considerable  latitude,  as  that  in  which  we  live, 
there  is  a  remarkable  difference  about  the  time  of  harvest, 
when  at  the  season  of  full  moon  she  rises  for  several  nights  to- 
gether only  about  20  minutes  later  on  the  one  day  than  on  that 
immediately  preceding.  By  thus  succeeding  the  sun  before  the 
twilight  is  ended,  the  moon  prolongs  the  light,  to  the  great 
benefit  of  those  who  are  engaged  in  gathering  m  the  fruits  of  the 
earth;  and  hence  the  full  moon  at  this  season  is  called  the 
harvest  moon.  It  is  believed  that  this  was  observed  by  persons 
engaged  in  agriculture,  at  a  much  earlier  period  than  it  waa 
noticed  by  astronomers ;  the  former  ascribed  it  to  the  goodness 
of  the  Deity,  not  doubting  but  that  he  had  ordered  it  so  on  pur- 
pose for  their  advantage. 

J.  But  the  people  at  the  equator  do  not  enjoy  this  benefit. 

T.  Nor  is  it  necessary  that  they  should ;  ibr  in  those  parts  of 
the  earth  the  seasons  vary  but  little,  and  the  weather  changes 
but  seldom,  and  at  stated  times ;  to  them,  then,  moonlight  is 
not  wanting  for  gathering  the  fruits  of  the  earth. 
.  C  Can  you  explain  how  it  happens,  that  the  moon  at  this 
season  of  the  year  rises  one  day  alter  another  with  so  small  a 
difference  of  time  P 

T,  With  the  assistance  of  a  globe  I  could  at  once  clear  the 
matter  up.  But  I  will  endeavour  to  give  you  a  general  idea  of 
the  subject  without  that  instrument.  That  the  moon  loses 
more  time  in  her  risings  when  she  is  in  one  part  of  her  orbit, 
and  less  in  another,  is  occasioned  by  the  moon^s  orbit  lying 
sometimes  more  oblique  to  the  horizon  than  at  others. 

J.  But  the  moon*s  path  is  not  marked  on  the  globe. 

T.  It  is  not ;  you  may,  however,  consider  it,  without  much 
error,  as  coinciding  with  the  ecliptic.  And  in  the  latitude  of 
London,  as  much  of  the  ecliptic  rises  about  Pisces  and  Aries 
in  two  hours  as  the  moon  goes  through  in  six  days ;  therefore, 
whiio  the  moon  is  in  these  signs,  she  differs  but  two  hours  in 
rising  for  six  days  together,  £at  is,  one  day  with  another,  about 
20  nunutes  later  every  day  than  on  the  preceding. 

C  Is  the  moon  in  those  signs  at  the  time  of  harvest  ? 

T.  In  August  and  Septediber  jou  know  that  the  sun  appears; 
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in  Yirgo  and  Libra,  and,  of  course,  when  the  moon  is/tt^Z,  she 
must  be  in  the  opposite  signs,  viz.  Pisces  and  Aries. 

C.  Will  you  explain,  sir,  how  it  is  that  the  people  at  the 
equator  have  no  harvest  moon  ? 

T,  At  the  equator,  the  north  and  south  poles  lie  in  the 
horizon,  and  therefore  the  ecliptic  makes  the  same  angle  with 
the  horizon  when  Aries  rises,  as  it  does  northward  when  Libra 
rises ;  but  as  the  harvest  moon  depends  upon  the  different  angles 
at  which  different  parts  of  the  ecliptic  rise,  it  is  evident  there 
can  be  no  harvest  moon  at  the  equator. 

The  farther  any  place  is  from  the  equator,  if  it  be  not  beyond 
the  polar  circles,  the  angle,  which  the  ecliptic  makes  with  the 
horizon,  when  Pisces  and  Aries  rise,  gradually  diminishes,  and, 
therefore,  when  the  moon  is  in  these  signs,  she  rises  with  a 
nearly  proportionable  difference  later  every  day  than  on  the 
former,  and  this  is  more  remarkable  about  the  time  of  full  moon. 

•7.  Why  have  you  excepted  the  space  on  the  globe  beyond  the 
polar  circles  ? 

T,  At  the  polar  circles,  when  the  sun  touches  the  summer 
tropic,  he  continues  24  hours  above  the  horizon,  and  24  hours 
below  it  when  he  touches  the  winter  tropic.  For  the  same 
reason,  the  full  moon  neither  rises  in  the  summer,  when  she  is 
not  wanted,  nor  sets  in  the  winter,  when  her  presence  is  so  ne- 
cessary. These  are  the  only  two  full  moons  which  happen  when 
the  sun  is  in  the  tropics,  for  all  the  others  rise  and  set.  In 
sunmier  the  full  moons  are  low,  and  their  stay  above  the  horizon 
short ;  in  winter  they  are  high,  and  stay  long  above  the  horizon. 
A  wonderful  display  this  of  the  Divine  wisdom  and  goodness,  in 
apportioning  the  quantity  of  light,  suitable  to  the  various  ne- 
cessities of  the  inhabitants  of  the  earth,  according  to  their 
different  situations. 

C.  At  the  poles  the  matter  is,  I  suppose,  still  different. 

T,  There  one  half  of  the  ecliptic  never  sets,  and  the  other 
half  never  rises ;  consequently,  the  sun  continues  one  half  year 
above  the  horizon,  and  the  other  hidf  below  it.  The  full  moon, 
being  always  opposite  to  the  sun,  can  never  be  seen  by  the  in- 
habitants of  the  poles,  while  the  sun  is  above  the  horizon.  But 
all  the  time  that  the  sun  is  below  the  horizon,  the  full  moon 
never  sets.  Consequently,  to  them  the  full  moon  is  never  visible 
in  their  summer ;  and  in  their  winter  they  have  it  always  before 
and  after  the  full,  shining  for  14  of  our  days  and  nights  without 
intermission.  And  when  the  sun  is  depressed  the  lowest  under 
the  horizon,  then  the  moon  ascends  with  her  highest  altitude. 

J,  This  indeed  exhibits  in  a  high  degree  the  attention  of  Pro- 
vidence to  all  his  creatures.    But  if  I  understand  you,  the  in* 
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hmbitanto  of  the  poles  have  in  their  winter  a  fortnight*8  light 
and  darkness  bj  turns  ? 

71  This  would  be  the  case  for  the  whole  six  months  that  the 
sun  is  below  the  horizon,  if  there  were  no  refraction*,  and  no 
substitute  for  the  light  of  the  moon.  But  by  the  atmo6phere*8 
refracting  the  sun*s  rays,  he  becomes  visible  a  fortnight  sooner, 
and  contmues  a  fortnight  longer  in  sight,  than  he  would  do, 
were  there  no  such  property  belonginff  to  the  atmosphere. 
And  in  those  parts  of  the  winter,  when  it  would  be  absmutely 
dark  in  the  aosence  of  the  moon,  the  brilliancy  of  the  Aurora 
BoreaUs  is  probably  so  great  as  to  afford  a  very  comfortable 
degree  of  light.  Mr.  Heame,  in  his  travels  near  the  polar  circle, 
has  this  remark  in  his  journal :  '*  December  24.  The  days  were 
so  short,  that  the  sun  only  took  a  circuit  of  a  few  points  of  the 
compass  above  the  horizon,  and  did  not,  at  its  greatest  altitude, 
rise  naif  way  up  the  trees.  The  brilliancy  of  me  Aurora  Bore« 
alis,  however,  and  of  the  stars,  even  without  the  assistance  of 
the  moon,  made  amends  for  this  deficiency,  for  it  was  fr^uently 
80  light  all  night,  that  I  could  see  to  read  a  small  print 


CONVERSATION  XVni. 
0/ Mercury, 

T.  Having  fully  described  the  earth  and  the  moon,  the  former 
a  primary  pknet,  and  the  latter  its  attendant  satellite,  we  shall 
next  consioer  the  other  planets,  in  their  order,  with  which,  how- 
ever, we  are  less  interested. 

Mercury,  you  recollect,  is  the  planet  nearest  the  sun ;  and 
Yenus  is  the  second  in  order.   These  are  called  inferior  planets. 

C  Why  are  they  thus  denominated  ? 

T.  Because  they  both  revolve  in  orbits  which  are  included 
within  that  of  the  earth ;  thus  in  the  diagram  of  the  solar  syst^ 
(fig.  2.),  Mercury  makes  his  annual  journey  round  the  sun  in 
the  orbit  a ;  Venus  in  h ;  and  the  earth,  farther  from  that  lu- 
minarv  than  either  of  them,  makes  its  circuit  in  t 

J,  How  is  this  known  ? 

T.  By  observation  :  for  by  attentively  watching  the  progress 
of  these  bodies,  it  is  found  that  they  are  continually  cnanging 
their  plaC/CS  among  the  fixed  stars,  and  that  they  are  never  seen 
in  opposition  to  the  sun,  that  is,  they  are  never  seen  in  the 
western  side  of  the  heavens  in  the  morning,  when  he  appears  in 

«  The  gQbjMt  of  BtfrMtlon  will  be  reiy  particularly  explained  when  we  oome  to 
Offtlci. 


MERCURY.  irr 

tbe  east ;  nor  in  the  eastern  part  of  the  heavens  in  the  evening, 
when  the  sun  appears  in  the  west 

C.  Then  thej  maj  be  considered  as  attendants  upon  the 
sun? 

T.  They  may :  Mercury  is  never  seen  from  the  earth  at  a 
greater  distance  from  the  sun  than  about  28  degrees,  or  about 
as  far  as  the  moon  appears  to  be  from  the  sun  on  the  second 
day  after  *  its  change ;  hence  it  is  that  we  so  seldom  see  him ; 
and  when  we  do,  it  is  for  so  short  a  time,  and  always  in  twilight, 
that  sufficient  observations  have  not  been  made  to  ascertain 
whether  he  has  diurnal  motion  on  his  axis. 

J,  Would  you  then  conclude  he  has  such  a  motion  ? 

T.  I  think  we  ought ;  because  it  is  known  to  exist  in  all  those 
planets,  upon  which  observati9ns  of  sufficient  extent  have  been 
made ;  and,  therefore,  we  may  surely  infer,  without  much  pro- 
babilitv  of  error,  that  it  belongs  also  to  Mercury. 

C,  At  what  distance  is  Mercury  from  the  sun  ? 

T,  He  revolves  round  that  boay  at  about  37  millions  of  miles 
distance,  in  88  days  nearly ;  and  therefore  you  can  now  tell  me 
how  many  miles  he  travels  in  an  hour. 

J,  I  can ;  for  supposing  his  orbit  circular,  I  must  multiply 
the  37  millions  by  6* ;  which  will  give  222  millions  of  miles  for 
the  length  of  his  orbit ;  thb  I  shall  divide  by  88,  the  number  of 
davs  he  takes  in  performing  his  journey,  and  the  quotient  re- 
sulting from  this  must  be  divided  by  24,  for  the  number  of 
hours  in  a  day ;  and  by  these  operations  I  find  that  Mercury 
travels  at  the  rate  of  more  than  105,000  miles  in  an  hour. 

T.  By  turning  to  page  26  and  27  of  the  Ephemeris,  you  will 
find  the  place  of  Mercury  for  every  fourth  day ;  and  also  his 
time  of  rising,  southing,  and  setting. 

C,  How  large  is  Mercury  ? 

T.  He  is  the  smallest  of  all  the  planets,  his  diameter  being 
only  something  more  than  3200  miles. 

J.  But  his  situation  being  so  much  nearer  to  the  sun  than 
ours,  he  must  enjoy  a  considerably  greater  share  of  its  heat  and 
light. 

T,  So  much  so,  as  would  indeed  infallibly  bum  everything 
belonging  to  the  earth  to  atoms,  were  she  similarly  situated. 
The  heat  of  the  sun,  at  Mercury,  must  be  7  times  greater  than 
our  summer  heat. 

C  And  do  you  imagine  that,  thus  circumstanced,  this  planet 
can  be  inhabited  ? 

T.  Kot  by  such  beings  as  we  are  :  you  and  I  could  not  long 

•  Or,  to  be  more  correct,  maltiply  by  6'8S9.    See  p.  4. 
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exist  at  the  bottom  of  the  sea ;  jet  the  sea  is  the  habitation  of 
millions  of  living  creatures  :  why  then  may  there  not  be  inha- 
bitants in  Mercury,  fitted  for  the  enjoyment  of  the  situation 
which  that  planet  is  calculated  to  afford  ?  If  there  be  not,  we 
must  be  at  a  loss  to  know  why  such  a  body  was  formed  :  cer- 
tainly it  could  not  be  intended  for  our  beneijt,  for  it  is  rarely 
even  seen  by  us. 


CONVERSATION  XIX. 
Of  Venus. 

T.  We  now  proceed  to  Venus,  the  second  planet  in  the  order 
of  the  solar  system,  but  by  far  the  most  beautiful  of  them  all. 

J.  How  far  is  Venus  from  the  sun  ? 

T,  That  planet  is  63  millions  of  miles  from  the  sun,  and  she 
finishes  her  journey  in  224f  days ;  consequently  she  must  travel 
at  the  rate  of  75,000  miles  in  an  hour. 

C.  Venus  is  larger  than  Mercury,  I  dare  say  ? 

T.  Yes,  she  is  nearly  as  large  as  the  earth,  which  she  resem- 
bles also  in  other  respects,  her  diameter  being  about  7700  miles, 
and  she  has  a  rotation  about  her  axis  in  23  hours  and  20  minutes. 
The  quantity  of  light  and  heat  which  she  enjoys  from  the  sun 
must  be  double  that  which  is  experienced  by  the  inhabitants  of 
this  globe. 

J,  Is  there  also  a  difference  in  her  seasons,  as  there  is  here  ? 

T.  Yes,  in  a  much  more  considerable  deffree.  The  axis  of 
Venus  inclines  about  75  degrees,  but  that  of  the  earth  inclines 
only  23  degrees ;  and  as  the  variety  of  the  seasons  in  every 
planet  depend?  on  the  degree  of  the  inclination  of  the  axis, 
it  is  evident  that  the  seasons  must  vary  more  with  Venus  than 
with  us. 

C.  Venus  appears  to  us  larger  sometimes  than  at  others. 

T,  She  does ;  and  the  great  variations  of"  the  apparent  dia- 
meter of  Venus  demonstrate  that  her  distance  from  the  earth  is 
exceedingly  variable.  It  is  the  largest  when  the  planet  passes 
over  the  disc  of  the  sun ;  that  is,  as  we  shall  soon  see,  when 
there  is  a  transit.  Suppose  s  to  be  the  sun,  t  the  earth  in  her 
orbit,  and  a,  6,  c,  dy  e,  /,  Venus  in  hers ;  now  it  is  evident  that 
when  Venus  is  at  a,  between  the  sun  and  the  earth,  she  would,, 
if  visible,  appear  much  larger  than  when  she  is  at  d  in  opposi- 
tion. 

J,  That  is  because  she  is  so  much  nearer  in  the  former  case 
than  in  the  latter,  being  in  the  situation  a  but  27  millions  of 
miles  from  th^  earth  t,  but  at  d  she  is  163  millions  of  miles  off. 


T.  Now,  as  TenuB 
passes  from  a,  through 
6,  e,  to  d  she  may  be  ob- 
served, bj  means  of  a 
good  telescope,  to  have 
all  the  same  phases  as 
the  moon  has  in  passing 
from  new  to  full ;  there- 
fore irhen  she  is  at  d  she 
is  full,  and  is  seen  among 
the  fixed  atars  ;  during 
her  jouroej  from  d  to  e, 
■be  proceeds  viih  a  di- 
rect motion  in  her  orbit, 
and  at  e  she  iriU  appear 


earth,  for  a  few  days,  to 
be  atatioTiary,  not  seem- 
ing to  change  her  place  among  the  fixed  stars,  for  she  is  coming 
towards  the  earth  in  a  direct  line :  but  in  passing  from  e  tof, 
though  still  with  a  direct  motion,  yet  to  a  spectator  at  t,  her 
course  will  seem  to  be  back  again,  or  retrograde,  for  she  will 
seem  to  have  gone  back  from  z  to  y;  her  path  will  appear  re- 
trograde till  she  gets  to  c,  when  /he  will  again  appear  atatiaaarg, 
and  afterwards  from  c  to  d,  It  will  be  direct  among  the  fixed  stars. 

C  When  is  Venus  an  evening  and  when  a  morning  star? 

T.  She  is  an  evening  star  alt  the  while  sKe  appears  east  of  tlie 
BUti,  and  a  morning  star  while  she  ia  seen  we»t  oi  him.  When 
she  is  at  a  she  will  be  invisible,  her  dark  side  being  towards  us, 
unless  she  be  exactly  ia  the  node,  in  which  case  she  will  pass  over 
the  sun's  face  like  a  little  blnck  spot. 

J.  Is  that  called  the  transit  of  Venus? 

T.  It  is;  and  it  happens  twice  only  in  about  120  years.  By 
this  phenomenon  astronomers  have  been  enabled  t"  '- 


with  great  at 


the  distance  of  the  earth  fi 


n  the  Bi 


having  obtained  this,  the  distances  of  the  other  planets  are  easily 
found.  By  the  two  transits  which  happened  io  1761  and  1769, 
it  was  clearly  demonstrated,  that  the  mean  distance  of  the  earth 
from  the  sun  was  between  %5  and  96  millions  of  miles. 

The  next  transit  of  Venus  will  be  in  December,  1874. 

C  How  do  you  find  the  distances  of  the  other  planets  from 
the  sun,  by  knowing  that  of  the  earth  ?* 
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T.  I  will  endeavour  to  make  this  plain  to  jou.  Kepler,  a 
great  astronomer,  discovered  that  all  the  planets  are  subject  to 
one  general  law,  which  is,  that  the  squares  of  their  periodical 
times  are  proportional  to  the  cubes  of  their  distances  from  the  sun, 

J,  What  ao  jou  mean  by  the  periodical  times  f 

T,  I  mean  the  times  which  the  planets  take  in  revolving  round 
the  sun;  thus  the  periodidtl  time  of  the  earth  is  365^  days;  that 
of  Venus  224|  days ;  that  of  Mercury  88  days. 

C  How  then  would  you  find  the  distance  of  Mercury  from 
the  sun  ? 

T,  By  the  rule  of  three :  I  would  say  as  the  square  of  365 
days  (the  time  which  the  earth  takes  in  revolving  about  the  sun) 
is  to  the  square  of  88  days  (the  time  in  which  Mercury  revolves 
about  the  sun),  so  is  the  cube  of  95  millions  (the  distance  in 
miles  of  the  earth  from  the  sun)  to  a  fourth  number. 

C  I  am  aware  that  a  number  multiplied  by  itself  is  a  square  ; 
and  multiplied  twice  by  itself  is  a  cube.  So,  if  you  will  allow  me, 
I  will  square  and  cube  the  figures  as  you  have  expressed  them. 
365  squared  is  133,225;  88  squared  is  7744;  and  95  cubed 
is  857,375. 

T,  The  proportion  is  thus  expressed;  as  133,225  is  to  7744 
80  is  857,375  to  the  number  required.  If  you  work  that  as  a 
rule  of  three  sum,  by  multiplvlng  together  the  last  two  sums  and 
dividing  by  the  first,  you  will  get  49,836. 

J,  And  is  that  the  distance  of  Mercury  from  the  sun  ? 

T.  No ;  it  is,  as  I  told  you,  the  cube  of  the  distance ;  the  cube 
root  of  this,  which  is  nearlv  37,  is  the  distance  in  millions  of 
miles.  You  will  find  37  twice  multiplied  by  itself  to  be  a  little 
over  this  number. 

C.  Does  Venus  turn  round  on  her  axis  ? 

T,  From  the  movement  of  certain  spots  upon  the  surface  of 
the  planet  it  has  been  concluded  that  she  revolves  about  her 
axis  once  in  24  hours. 


CONVERSATION  XX. 
Of  Mars. 

T,  Next  to  Venus  is  the  earth  and  her  satellite,  the  moon ;  but 
of  these  sufiicient  notice  has  already  been  taken ;  and,  therefore, 
we  shall  pass  on  to  the  planet  Mars,  which  is  known  in  the 
heavens  by  a  dusky  red  appearance.  Mars,  toffether  with 
Jupiter,  Saturn,  and  Herschel,  are  called  superior  planets, 
because  they  are  outside  the  orbit  of  the  earth. 

C  At  what  distance  is  Mars  from  the  sun  ? 


MARS. 
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T.  About  144  millions  of  mileB;  the  lengtbofblByear  is  equal 
to  GST  of  our  dajBj  anil,  tberelbre,  he  trareb  at  the  rale  of 
more  than  £3  thousand  miles  in  an  hoiU' :  his  diurnal  rotation 
on  his  BJcis  is  performed  in  24  hours  and  39  minutes,  which 
makes  his  figure  that  of  an  oblate  spheroid. 

J.  How  is  the  diumal  motion  of  this  planet  discoreredf 

T.  B;  means  of  a  verj  large  spot,  which  is  seen  distinctly  on 
Lis  face,  when  he  is  in  that  part  of  his  orbit  which  is  opposite  to 
the  sun  and  earth.     , 

C.  Is  Mars  as  large  as  the  earth  F 

T.  'No :  his  diomeler  is  only  4)99  miles,  nbich  is  but  littJe 
more  than  half  that  of  the  earth.  And,  owing  to  his  distance 
front  the  sun,  he  will  not  enjoj  one  half  of  the  light  and  heat 
which  we  hare. 

J.  And  yet,  I  believe,  he  has  not  the  benefit  of  a  moon  ? 

T.  No  moon  has  ever  been  discovered  belonging  either  to 
Mercury,  Venus,  or  Mars. 

C.  Do  the  superior  planets  exhibit  similitf  appearances  of 
direct  and  retrograde  motion  to  those  of  the  inferior  planets  ? 

T.  They  do :  suppose  ■  the  sun  ^  a,  b,  d,  /,  g,  h,  the  earth 
in  different  parts  of  ^ 

its  orbit,  and  m  Mars 
in  his  orbit.  When 
the  earth  is  at  a.  Mars 
will  appear  among 
the  fixed  stars  at  x ; 
when  by  its  annu^ 
motion  the  earth  has 
arrived  at  b,  d,  and 
f,  respectively,  the 
planet  Mars  will  ap- 
pear in  the  heavens 
at  y,  z,  and  w ;  when 
the  earth  has  ad- 
vanced to  g.  Mars 
will  appear  station- 
ary at  0 :  to  the  earth, 
in  its  journey  fromo' 
to  h,  tiie  planet  wiU 
seem  to  go  backwards  or  retrograde  in  the  heavens  from  o  U> 
2,  and  this  retrograde  motion  will  be  apparent  till  the  earth  has 
arrived  at  a,  when  the  planet  will  again  appear  stationary. 

J.  I  perceive  that  Mara  is  retrograde  when  in  oppotUion ;  the 
same  is,  I  suppose,  applicable  to  the  other  superior  planets ;  but 
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tbe  retrograde  molion  of  Mercury  and  Venus  Is  when  tbose 
planets  are  in  eonjwtetion. 

T.  You  are  right :  and  you  see  the  renson,  I  dare  say,  why 
the  superior  planets  may  be  in  the  weat  in  the  morning  when 
the  sun  rises  in  the  east,  and  the  reTerse. 

C  For  when  the  earth  is  at  d.  Mars  may  he  at  n,  in  which 
Rase  the  earth  is  between  the  aun  and  the  planet.  I  observe  also 
that  the  placet  Mars,  aod  consequentlj  the  other  superior 
planets,  are  much  nearer  the  earth  at  onejime  than  at  others. 

T.  The  difference  with  respect  to  Mars  is  no  less  than  190 
millions  of  miles,  the  whole  length  of  the  orbit  of  the  eartli. 
And  on  this  account  it  was  that  during  the  latter  part  of  the' 

J  jar  1845  he  appeared  to  the  naked  eye  almost  as  large  as 
upiter. 

J.  You  promised  to  explain,  when  you  came  to  apeak  of  the 
planets,  the  meaning  of  the  word  heliocentric. 

T.  It  is  a  term  used  to  express  the  place  of  the  heavenly 
body,  as  seen  from  the  centre  of  the  sun;  whereas  the  geocetilrie 
place  of  a  planet  is  Che  position  which  it  has  when  seen  from 
the  centre  of  the  earth. 


JUPITER.  123 

C  Will  you  show  lis  by  a  figure  in  what  this  difference 
eonsists  ? 

T.  I  will :  let  s  represent  the  place  of  the  sun,  b  Venus  in 
its  orbit,  a  the  earth  in  hers,  and  c  Mars  in  bis  orbit ;  and  the 
outermost  circle  will  represent  the  sphere  of  fixed  stars.  Now^ 
to  a  spectator  on  the  earth  a,  Venus  will  appear  among  the  fixed 
stars  in  the  beginning  of  Scorpio,  but,  as  viewed  from  the  sun, 
she  will  be  seen  beyond  the  middle  of  Leo.  Therefore  the  geo' 
centric  longitude  of  Venus  will  be  in  Scorpio,  but  her  heUo' 
centric  longitude  will  be  in  Leo.  Again,  to  a  spectator  at  a,  the 
planet  Mars  at  c  will  appear  among  the  fixed  stars  towards  the 
end  of  the  sign  of  Pisces ;  but,  as  viewed  from  the  sun,  he  will 
be  seen  at  the  beginning  of  the  sign  Aries :  consequently  the 
geocentric  longitude  of  Mars  is  in  Pisces ;  but  his  heliocentric 
longitude  is  then  in  Aries. 


CONVERSATION  XXL 
Of  Jupiter, 

T,  We  now  come  to  Jupiter,  the  largest  of  all  the  planets, 
which  is  easily  known  by  his  peculiar  magnitude  and  brilliancy. 

C.  Is  Jupiter  larger  than  Venus  ? 

T.  Though  he  does  not  appear  so  lar^e,  yet  the  magnitude 
of  Venus  bears  but  a  very  small  proportion  to  that  of  Jupiter, 
whose  diameter  is  90,000  miles ;  his  bulk  exceeds  the  bulk  of 
Venus  1500  times :  his  distance  from  the  sun  is  estimated  at 
more  than  490  millions  of  miles. 

J,  Then  he  is  Jive  times  farther  from  the  sun  than  the  earth; 
and,  consequently,  as  light  and  heat  diminish  in  the  same  pro- 
portion as  the  squares  of  the  distances  from  the  illuminating 
body  increase,  the  inhabitants  of  Jupiter  enjoy  but  a  twenty- 
fifth  part  of  the  light  and  heat  of  the  sun  that  we  enjoy. 

T.  Another  thing  remarkable  in  this  planet  is,  that  it  revolves 
on  its  axis,|which  is  perpendicular  to  its  orbit,  in  10  hours ;  and, 
in  consequence  of  this  swift  and  diurnal  rotation,  his  equatorial 
diameter  is  6000  miles  greater  than  his  polar  diameter. 

C.  Since  then  a  variety  in  the  seasons  of  a  planet  depends 
upon  the  inclination  of  the  axis  to  its  orbit,  and  since  the  axis 
of  Jupiter  has  no  inclination,  there  can  be  no  difference  in  his 
seasons,  nor  any  in  the  length  of  his  days  and  nights. 

T.  You  are  right :  his  days  and  nights  are  always  five  hours 
each  in  length ;  and  at  his  equator,  and  its  neighbourhood,  there 
is  perpetual  summer ;  and  an  everlasting  winter  reigns  in  the 
polar  regions. 
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J,  What  18  the  length  of  his  jear  ? 

T.  It  is  equal  to  nearly  12  of  ours,  for  he  takes  11  years,  314 
days,  and  20  hours  to  make  a  revolution  round  the  sun ;  conse- 
quently he  travels  at  the  rate  of  more  than  28,000  miles  in  an 
hour. 

This  noble  planet  is  accompanied  by  four  satellites,  which  re* 
volve  about  him,  at  different  distances,  and  in  different  period- 
ical times :  the^r«^  in  about  1  day  and  18  hours ;  the  second  in 
3  days  13  hours ;  the  third  in  7  days  3  hours ;  and  the  fourth 
in  16  days  and  16  hours. 

C  And  are  these  satellites,  like  our  moon,  subject  to  be 
eclipsed  ? 

T.  They  are ;  and  their  eclipses  are  of  considerable  import- 
ance to  astronomers,  in  ascertaining  with  accuracy  the  longitude 
of  different  places  on  the  earth. 

C.  I  should  so  much  like  to  know  how  this  is  managed. 

T.  You  have  heard  of  chronometers :  they  are  large  watches 
or  time-pieces,  which  go  with  the  greatest  possible  regularity. 
They  rarely  or  never  keep  true  time,  but  they  have  what  is 
called  a  rate,  and  this  rate  in  a  good  chronometer  is  extremely 
regular :  if,  for  instance,  it  gains  a  tenth  of  a  second  in  a  day» 
it  will  gain  the  same  every  day,  and  not  gain  one  day  more  and 
another  day  less. 

C,  But  what  has  this  to  do  with  the  eclipses  of  Jupiter*s 
satellites  ? 

T,  You  have  seen  the  ball  at  Greenwich  fall  at  one  o'clock. 
The  ships'  captains  in  the  Thames  are  watching  it,  and  they 
compare  with  it  their  chronometers  the  last  thing  before  sailing ; 
and  having  been  previously  acquainted  with  the  rate,  they  thus 
take  with  them  from  home  true  Greenwich  time.  They  also 
take  with  them  the  Nautical  Almanac,  or  White's  Ephemeris.  At 
p.  36  and  37  of  the  latter,  they  find  a  table  of  the  eclipses  that 
are  visible  at  various  times  throughout  the  year.  Sixty  eclipses 
are  given  for  1853,  and  they  are  expressed,  in  Greenwich  mean 
time.  We  will  take  the  instance  given  in  illustration  at  p.  37 
of  the  almanac. 

"  Example. — Suppose  on  the  28th  day  of  June  of  this  year, 
the  time  of  the  emersion  of  Jupiter's  first  satellite  be  observed 
by  a  telescope  in  an  unknown  meridian  to  happen  at  9,h.  54m. 
35s.  in  the  morning,  mean  time  at  the  place.  We  find  by  the 
table  that  this  emersion  will  take  place  at  the  British  observa- 
tory at  9h.  30  m.  59  s.  the  same  day :  the  difference  in  the  times 
is  23  m.  36's.,  which,  being  converted  into  degrees  and  minutes, 
will  make  5^  54'  [at  the  rate  of  4  minutes  to  a  degree],  the 
longitude  of  the  place  of  observation,  to  the  east^  because  the 
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time  is  more  than,  or  in  advance  of^  that  at  the  British 
observatory." 

C.  I  quite  understand,  and  I  now  see  the  extreme  use  of 
good  chronometers  ;  for  if  4  minutes  are  a  degree,  1  minute  is 
15  miles  on  the  equator,  or  the  4th  of  a  degree,  and  1  second  is 
a  quarter  of  a  mile,  or  4  seconds  a  mile ;  so  tliat  if  a  chronometer 
were  a  few  seconds  out,  the  ship  might  mistake  her  course  and 
fall  on  a  rock. 

T,  By  means  of  the  eclipses  of  Jupiter*s  satellites,  a  method 
has  been  also  obtained  of  demonstrating  that  the  motion  of  light 
is  progressive^  and  not  instantaneous^  as  was  once  supposed. 
Hence  it  is  found,  that  the  velocity  of  light  is  nearly  11,000 
times  greater  than  the  velocity  of  the  earth  in  its  orbit,  and 
more  than  a  million  of  times  greater  than  that  of  a  ball  issuing 
from  a  cannon.  Rays  of  light  come  from  the  sun  to  the  earth 
in  8  minutes,  that  is,  at  the  rate  of. about  twelve  millions  of  miles 
in  a  minute. 

J,  Who  discovered  these  satellites  ? 

T.  They  were  first  seen  by  Galileo  in  1610.  He  took  them 
for  telescopic  stars,  but  farther  observations  convinced  him  and 
others  that  they  were  planetary  bodies. 

The  relative  situation  of  these  small  bodies  changes  at  every 
instant.  They  are  sometimes  seen  to  pass  over  the  face  of  the 
planet,  and  project  a  shadow  in  the  form  of  a  black  spot,  which 
describes  a  line  across  it.  Jupiter  presents  also  some  dark  belts 
on  his  surface. 


CONVERSATION  XXII. 
Of  Saturn. 

T,  We  are  now  arrived  at  Saturn  in  our  descriptions,  which, 
till  within  these  seventy  years,  was  esteemed  the  most  remote 
planet  of  the  solar  system. 

C,  How  is  he  distinguished  in  the  heavens  ? 

T.  He  shines  with  a  pale  dead  light,  very  unlike  the  brilliant 
Jupiter,  yet  his  magnitude  seems  to  vie  with  that  of  Jupiter 
himself.  The  diameter  of  Saturn  is  nearly  80  thousand  miles : 
his  distance  from  the  sun  is  more  than  900  millions  of  miles,  and 
he  perfoi*ms  his  journey  round  that  luminarv  in  a  little  less  than 
30  of  our  years,  consequently  he  must  travel  at  a  rate  not  mucb 
short  of  21,000  miles  an  hour. 

J,  His  great  distance  from  the  sun  must  render  an  abode  on 
Saturn  extremely  cold  and  dark  too,  in  comparison  of  what  we 
experience  here. 

T.  His  distance  from  the  sun  being  between  9  and  10  times 
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greater  than  that  of  the  earth,  he  enjoys  about  90  times  less 
fight  and  heat ;  it  has  nevertheless  been  dalculated,  that  the  light 
of  the  sun  at  Saturn  is  500  times  greater  than  that  which  we 
enjoy  from  our /till  mooru 

C.  The  daylight  at  Saturn,  then,  cannot  be  very  contemptible; 
I  should  hardly  have  thought,  that  the  light  of  the  sun  even 
here  was  500  times  greater  than  that  experienced  from  a  full 
moon. 

T.  So  much  greater  is  our  meridian  light  than  this,  that  dur- 
ing the  sun^s  absence  behind  a  cloud,  when  the  light  is  much 
less  strong  than  when  we  behold  him  in  all  his  glorious  splendour, 
it  is  reckoned  that  our  daylight  is  90,000  times  greater  than  the 
light  of  the  moon  at  its  full. 

J.  But  Saturn  has  several  moons,  I  believe  ? 

T,  He  is  attended  by  eight  satellites,  or  moons,  whose 
periodical  times  differ  very  much ;  the  one  nearest  to  him  per- 
forms a  revolution  round  the  primary  planet  in  22  h.  37  m. 
22*6  s. ;  and  that  which  is  most  remote  takes  79  days  and 
7  hours  for  his  monthly  journey.  This  last  satellite  is  Known 
to  turn  on  its  axis,  and  in  its  rotation  is  subject  to  the  same 
law  which  our  moon  obeysj  that  is,  it  revolves  on  its  axis  in  the 
same  time  in  which  it  revolves  about  the  planet'. 

Prof.  Bond  of  Cambridge,  U.  S.,  observed  an  eighth  satellite 
of  Saturn  on  Sept.  16.  1848 ;  and  on  Sept.  18th  of  the  same 
year  it  was  discovered  by  Mr.  Lassell,  who  named  it  Hyperion. 
The  names  of  the  other  seven  in  their  order  of  distance  are 
Mimas^  JSnceladus,  Tethys^  DionCy  Rhecu,  Titan^  and  Japetus. 
Its  revolution  is  performed  in  21  days  4^ hours.  Its* place  is 
between  Titan  and  Japetus.  Its  discovery  is  somewhat  ana- 
logous to  that  of  the  Asteroids;,  as  there  was  a  large  blank  be- 
tween these  two  moons  analogous  to  the  unusual  distance  be- 
tween Mars  and  Jupiter,  where  the  Asteroids  were  discovered, 
and  where  of  late  a  complete  cluster  of  new  planets  have  also- 
been  found. 

Besides  the  eight  moons,  Saturn  is  encompassed  with  broad 
rings,  which  are  probably  of  considerable  importance  in  re- 
flecting the  light  of  the  sun  to  that  planet :  the  breadth  of  the 
inner  ring  is  20,000  miles,  that  of  the  outer  ring  is  7200  miles, 
and  the  vacant  space  between  the  two  rings  is  2839  miles. 
These  rings  give  Saturn  a  very  different  appearance  from  any 
•f  the  other  planets. 

In  Nov.  1850,  Prof.  Bond  in  America,  and  Prof.  Lassell  in 
England,  noticed  the  appearance  of  a  third  and  inner  ring, 
which  appeared  to  the  latter  like  as  if  a  veil  of  crape  covered 
the  sky  within  the  ancient  inner  ring,  extending  towards  the 


planet,  but  teaTinz  the  black  vieir  of  the  sW  between  itself  uid 
the  body  of  the  ptanet.  There  appeared,' a&o,  a  dark  line  to- 
ward the  outer  edge  of  the  outer  ring.  The  following  is  from 
a  sketch  made  by  Mr.  Dawea  of  Wateringburg,  at  whose  obser- 
vatory the  phenomena  were  seen.  It  is  from  the  Proceedings 
of  the  Astronomical  Society  for  Dec.  13.  1850;  and  gtTes  a 
telescopic  view  of  this  planet,  accordiDg  to  the  most  recent  ' 
diacoTBries. 


J.  Is  it  known  of  what  nature  the  ring  is  ? 

T.  Dr.  Herscbel  thinkii  it  no  lexs  solid  than  the  body  of  the 
planet  itself,  and  be  has  found  that  it  casts  a  strong  shadow 
upon  the  planet.  The  tight  of  the  ring  is  brighter  ihan  that  of 
the  planet;  for  the  ring  appears  sufficiently  bright  for  obeerva- 
liun  at  times  when  the  telescope  scaicely  afibrda  light  enough  to 
give  a  fair  view  of  Saturn. 

C.  Is  it  known  whether  Saturn  turns  on  its  axis? 

T.  According  to  Dr.  Herschel  it  has  a  relation  about  its 
a:tis  in  12  hours  13^  minutes :  this  he  computed  from  the  equa- 
torial diameter  in  the  proportion  of  11  to  10.  Dr.Herschel 
has  also  discovered,  that  the  rin^  just  menrioned  revolves 
about  the  planet  in  12^  hours,  which  ia  also  the  time  of  the. 
planet's  rotation  on  its  axis. 
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CONVERSATION  XXIII. 
Of  Herschel. 

T.  We  have  but  one  other  planet  to  describe,  that  is 
Herschel. 

J,  Was  it  discovered  by  Dr.  Herschel  ? 

T,  It  was,  on  the  13th  March,  1781 ;  and  therefore  by  many 
astronomers  it  was  denominated  Herschel ;  though,  by  the 
doctor  himself  it  was  named  the  Greorgium  Sidus,  or  Georgian 
Star,  in  honour  of  George  III.,  who  was  for  many  years  a  , 
liberal  patron  to  thb  great  and  most  indefatigable  astronomer. 
Foreign  astronomers  usually  call  this  planet  Uramu. 

C.  I  do  not  think  that  I  have  ever  seen  this  planet. 

T.  Its  apparent  diameter  is  too  small  to  be  discerned  readily 
by  the  naked  eye ;  but  it  may  be  easily  discovered  in  a  clear 
night,  when  it  is  above  the  horizon,  by  means  of  a  good  tele- 
scope, its  situation  being  previously  known  from  the  ^*Ephe- 
meris.*' 

J,  Is  it  owing  to  the  smallness  of  this  planet,  or  to  its  great 
distance  from  the  sun,  that  we  cannot  see  it  with  the  naked  eye  ? 

T,  Both  these  causes  are  combined :  in  comparison  of  Jupiter 
and  Saturn  he  is  small,  his  diameter  being  less  than  35 
thousand  miles ;  and  his  distance  from  the  sun  is  estimated  at 
more  than  1800  millions  of  miles.  He  performs  his  journey  in 
84  of  our  years ;  consequently  he  must  travel  at  the  rate  of 
16,000  miles  an  hour. 

C  But  if  this  planet  has  been  discovered  only  60  years,  how 
is  it  known  that  it  will  complete  its  revolution  in  84  years  ? 

T,  By  a  long  series  of  observations  it  has  been  found  to 
move  with  such  a  velocity  as  would  carry  it  round  the  heavens 
in  that  period.  And  all  the  computations  of  its  places,  con- 
ducted upon  that  supposition,  are  found  to  be  correct. 

J.  How  many  moons  has  Herschel  ? 

T,  Sir  W.  Herschel  considers  that  he  has  seen  six ;  but  four 
alone  have  been  seen  with  certainty  by  recent  observers : 

d.    h. 
Ariel,  whose  period  is    2  12 
Umbriel  „  4     4 

Oberon  „  8  17 

Titania  „  13  11 

C  Is  there  any  idea  formed  as  to  the  light  and  heat  enjoyed 
by  this  planet  ? 
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T,  His  distance  from  the  sun  is  19  times  greater  than  that 
of  the  earth;  consequently,  since  the  square  of  19  is  361,  the 
light  and  heat  experienced  bj  the  inhabitants  of  that  planet 
must  be  361  times  less  than  we  derive  from  the  rays  of  the  sun. 

The  proportion  of  light  enjoyed  by  Herschel  has  been  esti- 
mated at  about  equal  to  the  effect  of  249  of  our  full  moons. 

The  following  list  will  give  you  a  general  idea  of  the  relative 
distances  of  the  planets  from  the  sun,  with  their  diameters,  and 
the  lengths  of  their  years. 


Relative  mean 

Distance  from 

Diameter. 

Length  of  Year. 

the  Sun. 

Miles. 

Days. 

Mercury 

•0-8871 

3^00 

88 

Venus     -        -        -• 

0-7233 

7,700 

2245 

Earth      -         -.       - 

1-0000 

7,921 

365J 

Mars       -        -        - 

1-5237 

4,189 

687 

Jupiter    -        -        - 

5-2028 

90,000 

4,433 

Saturn    -         -        - 

9-5388 

80,000 

10,759 

UrSnus   -        -        - 

19-1824 

35,000 

40,690 

Neptune  -        -        - 

30-3500 

(not  deter- 
mined.) 

61,070 

The  distances  are  expressed  in  relation  to  the  earth's  dis- 
tance, reckoned  as  one.  I  will  explain  this  at  the  end  of  the 
next  chapter.  I  have  not  ventured  to  give  any  approximate  to 
the  diameter  of  Neptune :  it  is  between  that  of  Saturn  and 
UrS,nus  5  but  its  precise  value  is  not  yet  ascertained.  You  will 
notice  that  the  relative  distance  between  Mars  and  Jupiter  is 
great,  and  that  there  is  a  great  difference  between  the  lengths 
of  their  years.  In  our  next  conversation,  I  will  give  you  a 
table  of  the  new  planets,  which  you  will  find  fall  into  this 
interval. 


CONVERSATION  XXIV. 

The  New  Planet  Neptune.  —  The  Nineteen  New  Asteroids. 

J.  I  shall  be  glad  to  have  some  information  respecting  the^ 
new  planets,  of  which  I  am  aware  tjhat  many  have  been  lately 
discovered. 


130  ASTRONOMY. 

T,  The  discovery  of  a  planet  was  wont  to  give  a  lasting 
name  to  the  astronomers  who  were  so  fortunate  as  to  have  first 
seen  one ;  and,  with  the  exception  of  UrSnus  and  of  the  four 
asteroids,  none  other  had  been  discovered  until  very  recently.  A 
new  era  commenced  in  1845;  when,  on  Dec.  8.,  a  new  planet 
was  discovered  by  Dr.  Hencke.  Like  the  asteroids,  it  was  be- 
tween the  orbits  of  Mars  and  Jupiter;  and  this  has  been  followed 
by  quite  a  cluster  of  others  havin<T  been  detected  in  the  same 
region  of  the  solar  system.  But,  before  I  give  you  the  list,  I 
will  describe  the  second  in  the  series  of  discoveries,  which  fol- 
lowed in  Sept.  1846.  It  is  remarkable  as  one  of  the  finest  il- 
lustrations of  inductive  reasoning  and  of  the  perfection  of 
mathematical  calculations. 

C  I  thought  the  discovery  of  planets  was  by  mere  observa- 
tion. I  cannot  understand  howthe  existence  of  a  new  planet 
can  be  calculated  upon ;  and  even  if  so,  how  it  could  be 
imagined  where  to  look  for  it  ? 

T,  Astronomers  had  been  for  a  long  time  puzzled  at  certain 
irregularities  that  occurred  with  Urftnus,  which  could  not  be 
reconciled  with  any  known  causes.  Much  correspondence  had 
taken  place  upon  this  matter ;  and  it  had  occurred  to  more 
than  one  astronomer  that  these  irregularities  could  only  be 
accounted  for  on  the  supposition  of  there  being  some  unknown 
)>lanet,  with  an  orbit  exterior  to  that  of  Ur§,nus.  Mr.  Adams 
of  Cambridge  on  the  one  hand,  and  M.  Le  Verrier  of  Paris  on 
the  other  hand,  had  taken  up  the  subject,  and  had  each  gone 
through  a  course  of  elaborate  mathematical  calculations,  which 
led  them  to  give  instructions,  which  were  followed,  on  the  one 
hand,  by  Professor  Challis,  and,  on  the  other,  by  Dr.  Galle  and 
by  others,  to  search  certain  parts  of  the  heavens  in  the  reason- 
able hope  of  detecting  the  long-suspected  stranger. 

On  July  30th,  on  August  4th,  and  on  August  12th,  1846, 
Professor  Challis  was  searching  the  heavens  for  this  planet,  and 
actually  saw  it  on  the  two  latter  days  ;  but,  unfortunately,  he 
did  not  fully  compare  the  respective  lists  of  observations  until 
after  it  had  been  actually  seen  by  the  continental  astronomers. 
Had  he  done  so,  he  would  have  then  found,  as  he  ultimately  did 
on  further  reference,  that  one  star  was  missing  in  his  observa- 
tions of  July  30th,  that  was  found  in  those  of  August  12th; 
and  this  was  the  planet  Neptune. 

C  Dear  me,  how  unfortunate !  And  what  is  the  history  of 
the  actual  discovery,  or  first  sight  ? 

T.  M.  Le  Verrier  had  communicated  a  second  of  two  papers, 
on  the  place  of  this  planet,  to  the  French  Academy  on  the  3 1st 
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of  August  of  the  same  year.  The  astronomer  royal,  Mr.  Airy, 
says,  in  respect  to  this,  **  I  cannot  attempt  to  convey  to  you  the 
impression  which  was  made  on  me  by  the  author*s  undoubting 
confidence  in  the  general  truth  of  his  theory ;  by  the  calmness 
and  clearness  with  which  he  limited  the  field  of  observation ;  and 
by  the  firmness  with  which  he  proclaimed  to  observing  astro- 
nomers, *■  Look  in  the  place  which  I  have  indicated^  and  you  will 
see  the  planet  welV  " 

On  September  23rd  he  communicated  his  principal  conclusions 
to  the  astronomers  of  the  Berlin  observatory ;  and,  following 
his  instructions,  they  examined  the  regions  of  the  heavens  in- 
dicated to  them ;  and  on  the  self-same  evening,  Dr.  Galle  was 
the  first  to  obtain  a  sight  of  the  new  planet,  whose  place  had 
thus  been  so  faithfully  indicated. 

On  September  29th,  Professor  Challis,  who  had  been  no  less 
struck  with  the  sagacity  and  clearness  of  M.  Le  Verrier's 
latest  indications,  which  only  that  day  reached  him,  made 
observations,  and  examined  some  300  stars,  of  which  one  caught 
his  attention,  and  was  specially  noted,  as  it  **  seemed  to  have  a 
disc ; "  and  this  subsequently  proved  to  be  Neptune.  The  fol- 
lowing night  was  unfavourable ;  and  on  October  1st,  the  inform- 
ation reached  him  of  its  having  been,  as  I  before  said,  recognised 
by  Dr.  Galle  on  the  23rd  of  September. 

Another  curious  thins:  in  the  history  of  this  planet  is,  that  it 
was  actually  seen  on  JVIay  8th  and  lOtb,  1795,  by  Lalande; 
but  its  subsequent  absence,  as  it  moved  in  its  orbit,  was  over- 
looked. It  was  also  seen  by  Dr.  Lamont  at  Munich,  on  October 
25th,  1845,  and  on  September  7th,  1846  ;  but  was  taken  then 
to  be  a  star,  and  noted  as  such. 

It  has  a  ring ;  and  is  very  like  Saturn  in  appearance.  Lassell 
has  discovered  one  satellite,  which  revolves  in  5  days  21  hours. 
Whether  this  is  the  only  one,  remains  for  future  observation. 
He  once  thought  he  caught  sight  of  a  second ;  but  this  has  not 
been  confirmed.  Neptune's  year,  or  period  of  revolution  in  the 
orbit,  is  61,070  days.  Its  diameter  is  not  known,  but  probably 
between  that  of  Jupiter  and  Saturn. 

C.  And  what  are  the  other  new  planets  ? 

T.  The  following  is  a  complete  list  of  the  planets  very  re- 
cently discovered  between  the  orbits  of  Mars  and  Jupiter,  and 
among  which  I  -have  placed  the  four  asteroids. 
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Rdati** 

1 

1 
1 

1 

; 

Mean 

DtttaDoc 

from  the 

Sia. 

2-902 

LcMth  of 
Year. 

1 

1    {?&" 

w^» ■  » 

mtoovcraa  oj 

Time  of  DU- 
.eanry. 

Symbol. 

• 

8.  Flora 

Hind. 

Oct.  18.  1847. 

^ 

18.  Melpomene 

2-297 

1275 

Hind. 

June  24.  1852. 

i 

12.  Victoria     - 

2-335 

1303 

Hind. 

Sept.  13.  1850. 

^ 

20.  MaMflU     - 

2-350 

1316 

Chacomac. 

Sept.  2a  1852. 

^^^ 

4.  Fe$ta  - 

2-361 

1326 

Olber*. 

Mar.  29.  1807. 

fi 

7.  Iri«     - 

2-381 

1342 

Hind. 

Aug.  13.  1847. 

ff\ 

9.  Med« 

2-3d6 

1846 

Graham. 

Apr.  25.  1848. 

6.  Hebe  •       - 

2-426 

1380 

Hencke. 

July  1. 1847. 

9 

11.  Fkitbenope 

2-426 

1380 

De  Gasparis. 

May  11.  1850. 

t 

19.  Fortuna     - 

2-446 

1397 

Hind. 

Aug.  22. 1852. 

i 

17.  TheCif 

2-491 

1436 

Lather. 

Apr.  17.  1852. 

C3 

5.  Astrca 

2-577 

1513 

HenclLe. 

Dec  8. 1845. 

9 

18.  Egeria 

2-579 

1513 

De  Gasparis. 

Not.  2. 1850. 

e> 

14.  Irene  - 

2-584 

I5I7 

Hind.* 

May  19.  1851. 

^ 

21.  Lutetia      - 

2-605 

1536 

Goldschmidt. 

Not.  15.  1852. 

l.'S.  Eunomia    - 

2-648 

1573 

De  Gasparis. 

July  29.  I85I. 

$ 

8.  Juno  - 

2-671 

1593 

Harding. 

5^.  1.  1804. 

¥ 

28.  Thalia 

2-707 

1627 

Hind. 

Dec.  15.  1852. 

1.  Cere$  - 

2-768 

1682 

Piaxxi. 

Jan.  1.  1801. 

C 

2.  PaUas 

2-773 

1686 

Olbers. 

Mar.  28.  1802. 

1 

22.  Calliope     - 

2-941 

1842 

Hind. 

Not.  16.  1852. 

t^ 

16.  Psyciie 

3101 

1995 

De  Gasparis. 

Mar.  17.  1852. 

A 

10.  Hygeia       - 

3-122 

2015 

De  Gasparis. 

Apr.  12.  1849. 

*• 

I  have  placed  them  in  the  order  of  their  distance  from  the  sun  ; 
and  have  included  the  four  asteroids,  that  were  discovered  early 
in  the  present  century,  inasmuch  as  thej  belong  to  this  group. 
Exclusive  of  these  four,  there  are  no  less  than  nineteen,  three  of 
which  were  discovered  while  I  was  preparing  the  list. 

C.  I  see  then  that  Chacomac,  Graham,  Luther  and  Gold- 
schmidt have  each  discovered  one ;  Hencke,  two ;  De  Gasparis, 
Jive,  and,  in  a  certain  sense,  six ;  and  Hind  no  less  than  eight 

T,  Yes ;  then  add  to  this,  Le  Verrier's  discovery  of  Neptune ; 


•  msoorertd,  indeptndently,  by  De  Gasparis,  May  28. 1851* 
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and  the  one  each  discovered  by  Harding  and  Fiazzi,  and  the 
two  by  Olbers.  In  respect  to  the  symbols,  which  I  have  placed 
at  the  right  hand,  several  yet  remain  to  be  selected ;  and  the 
others  are  not  uniformly  accepted  by  astronomers.  Many  are 
in  the  habit  of  referring  to  them  by  placing  in  a  small  circle  the 
number  representing  the  order  of  their  discovery.  I  have  placed 
the  number, at  the  left  band  of  the  name  of  each  planet;  and  you 
will  find,  if  you  compare  at  your  leisure  these  figures  with  the 
dates  of  the  discovery,  that  they  follow  in  regular  order.  1,  2,  3, 
and  4  belong  to  the  early  group  of  asteroids ;  5  to  Astraea,  the 
first  of  the  recent  ones.  Neptune  does  not  require  the  6  to 
distinguish  him,  he  not  being  of  this  group. 

J,  I  don't  quite  comprehend  how  the  second  column  expresses 
the  distance  from  the  sun. 

T.  This  requires  a  little  explanation.  It  is  there  expressed 
in  distances  of  the  earthy  and  is  given  in  whole  numbers  and  deci- 
mals. For  instance,  the  earth  is  95  millions  of  miles  from  the 
sun  ;  Flora  is  somewhat  more  than  twice  as  far  off:  the  exact 
relation  is  expressed  by  2*202 ;  and  the  actual  distance  is  ob- 
tained by  multiplying  iJhose  figures  by  95,  and  putting  the  dot 
in  the  same  place,  counting  from  the  right  thus  :  — 

2-202 
95 

11010 
19818 


209-190; 

which  shows  that  Flora  is  somewhat  more  than  209  millions  of 
miles  from  the  sun ;  in  fact,  about  209,190,000  miles  off. 

I  will  not  trouble  you  with  anything  further  respecting  these 
bodies  now.  You  will  find  the  place  of  their  discovery  duly 
mapped  out  successively  year  by  year  in  the  Illustrated  London 
Almanack,  I  have  no  information  for  you  respecting  the  re- 
lative diameter  of  these  bodies ;  for  they  are  not  measurable. 


CONVERSATION  XXV. 
Of  Comets, 

T,  Besides  the  seven  primary  planets,  and  the  eighteen 
secondary  ones,  or  satellites,  which  we  have  been  describing, 
there  are  other  bodies  belonging  to  the  solar  system,  called 
comets. 

C,  Do  comets  resemble  the  planets  in  any  respect  ? 
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T,  Like  them,  they  are  supposed  to  revolve  about  the  sun 
in  elliptical  orbits,  and  to  describe  equal  areas  in  equal  times  ; 
but  they  do  not  appear  to  be  adapted  for  the  habitation  of 
animated  beings,  owing  to  the  great  degrees  of  heat  and  cold  to 
which,  in  their  course,  they  must  be  subjected,  in  consequence 
of  the  great  eccentricity  of  most  of  their  orbits. 

The  comet  seen  by  Sir  Isaac  Newton  in  the  year  1680  was 
observed  to  approach  so  near  the  sun,  that  its  heat  was  esti- 
mated by  that  great  man  to  be  2000  times  greater  than  that  of 
red-hot  iron. 

J.  It  must  have  been  a  very  solid  body  to  have  endured  such 
a  heat  without  being  entirely  dissipated. 

T.  So  indeed  it  should  seem ;  and  a  body  thus  heated  must 
retain  its  heat  a  long  time ;  for  a  red-hot  globe  of  iron,  of  a 
single  inch  in  diameter,  exposed  to  the  open  air,  will  scarcely 
lose  all  its  heat  in  an  hour ;  and  it  is  said,  that  a  globe  of  red- 
hot  iron,  as  large  as  our  earth,  woidd  scarcely  cool  in  50,000 
years. 

C.  Are  there  many  comets  ? 

T,  No  less  than  607  have  been  authenticated  since  the  com- 
mencement of  the  Christian  era ;  and,  since  many  of  those  seen 
during  the  last  two  centuries  are  telescopic  comets,  it  is  inferred 
by  Mr.  Hind,  in  his  book  "  On  Comets,"  which  you  would  do  well 
to  consult,  that,  since  many  such  were  inevitably  not  seen  during 
the  earlier  centuries,  there  must  be  upwards  of  4000  of  these 
erratic  bodies. 

C  Are  the  periodical  times  of  all  the  comets  known  ? 

T,  No ;  the  periods  of  only  a  few  are  known  with  any  degree 
of  accuracy :  for  instance,  HaUey's  Comet,  A  comet  had  been 
seen  in  a.d.  1531  and  in  a.d.  1607 ;  Halley  determined  the  orbits 
of  these  comets,  and  also  of  another  that  was  visible  in  1682, 
and  was  so  struck  with  their  similarity  that  he  concluded  they 
were  one  and  the  same ;  and  accordingly  it  was  again  looked  for, 
and  made  its  appearance  in  1759.  Its  arrivals  at  its  perihelion, 
or  nearest  distance  from  the  sun,  were  at  intervals,  respectively, 
of  761 4,  74*88,  and  76*49  years.  Its  next  period  occurred, 
within  our  own  time,  in  1835,  and  was  performed  in  76*68 
years.  These  differences  in  the  intervals  depend  on  the  dis- 
turbing causes  to  which  it  is  exposed. 

On  looking  back  to  the  history  of  comets,  astronomers  recog- 
nise this  comet  as  having  been  seen  in  many  of  its  periodical 
returns;  and  are  tolerably  satisfied  that  it  is  the  same  which 
was  seen  over  the  city  of  Rome  in  the  year  11,  and  shortly 
before  Agrippa's  death.  Mr.  Hind  gives  the  times  of  24  periods, 
of  which  seven  of  the  early  appearances  are  tolerably  sure. 
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JEncke*s  Comet, — The  period  of  this  comet  is  about  3 J  years. 
It  was  last  seen  at  Its  perihelion  on  March  14th,  1852.  At  each 
return,  it  arrives  2J  hours  sdoner  than  the  estimated  time,  so 
that  its  period  is  gradually  decreasing,  which  Encke  has  supposed 
to  be  due  to  etherial  medium  in  space  opposing  a  resistance  to 
its  motion;  and  it  is  suggested  whether  or  not  it  may  not 
ultimately  fall  into  the  sun;  but  ages  may  elapse  before  this 
could  happen. 

Bields  Comet  has  a  period  of  a  little  more  than  6 J  years.  It 
was  last  seen  at  the  end  of  August,  1852.  On  its  previous  ap- 
pearance in  1 846,  and  some  weeks  after  it  had  been  recognised, 
it  was  found  to  have  separated  into  two  parts,  which  continued 
in  the  same  general  path,  but  varied  in  their  relative  distance, 
averaging  155,000  miles.  On  its  reappearance  in  1852,  the 
second  comet  was  thought  to  have  been  seen  in  its  company ; 
and,  if  so,  was  IJ  millions  of  miles  from  it. 

This  is  the  comet  that  excited  so  much  alarm  in  1832 ;  for  it 
had  been  calculated  to  cross  the  orbit  of  the  earth  about  a  month 
before  the  earth  itself  arrived  at  that  part;  and  the  public  argued 
that  if,  by  any  unsuspected  cause,  it  were  retarded  in  its  course, 
a  collision  might  occur. 

C  If  this  had  occurred,  our  planet  would  have  been  destroyed. 
And,  as  we  had  so  narrow  an  escape  that  time,  I  suppose  we  run 
some  little  risk  in  future. 

T,  There  is  not  much  cause  for  alarm,  either  in  respect  to 
this  or  to  any  other  comet,  if  we  may  believe  M.  Arago,  who 
says  the  chances  in  our  favour  are  two  hundred  and  fifty  millions 
to  one. 

C,  What  are  the  respective  distances  of  those  comets  from 
the  sun  ? 

T,  I  must  explain  to  you  that  we  see  comets  when  they  are 
at  or  near  their  perihelion,  or  nearest  dbtance  from  the  sun ;  and 
they  are  invisible  to  us,  when  they  go  far  away  into  space  to 
their  aphelion,  or  farthest  distance :  the  words  mean  near  the 
surit  and  from  the  sun.   The  following  are  the  distances  in  miles  : 

Perihelion  dist  Aphelion  dist. 

Halley*s         55,900,000  3,370,300,000 
Encke's          32,120,000  223,840,000 

Biela's  81,600,000  590,100,000. 

J.  Do  all  bodies  move  faster  or  slower  in  proportion  as  they 
are  nearer  to,  or  more  distant  from,  their  centre  of  motion  ? 

T.  They  do  :  for  if  you  meditate  upon  the  last  six  or  seven 
lectures,  you  will  recollect  that  of  Herschel,  which  is  the  most 
remote  planet  in  the  solar  system,  travels  at  the  rate  of  16,000 
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miles  an  hour ;  Saturn,  the  next  nearer  in  the  order,  21,000 
miles ;  Jupiter,  28,000  miles  ;  Mars,  53,000  miles  ;  the  Earth, 
65,000  miles ;  Venus,  75,000  miles ;  and  Mercury  at  the  rate 
of  105,000  miles  in  an  hour.  But  a  comet  has  a  progressive 
motion,  in  tliat  part  of  its  orbit  which  is  nearest  the  sun,  of 
many  times  the  velocity  of  Mercury. 

C.  Were  not  comets  formerly  dreaded  as  awful  prodigies, 
intended  to  alarm  the  world  ? 

T,  Comets  are  frequently  accompanied  with  a  luminous  train, 
called  the  tail,  issuing  from  the  body  in  a  line  opposite  to  the 
sun,  but  which,  to  uninformed  people,  has  been  a  source  of  terror 
and  dismay. 

J,  Do  comets  shine  by  their  own  light  ? 

T,  The  general  opinion  is  that  they  shine,  like  the  planets, 
by  reflect^  light ;  and  although  some  appearances  in  regard 
to  the  relative  increase  of  brifliancy  are  not  always  in  direct 
proportion  to  their  nearness  to  the  sun,  these  anomalies  are 
reasonably  to  be  traced  to  physical  changes  in  the  several  parts 
of  which  the  comet  is  composed. 

C  What  are  those  parts  ? 

T,  They  are  the  nucleus ;  the  head^  or  coma ;  and  the  taiL 

The  nucleus  is  a  small,  brilliant,  and  diamond-like  substance 
in  the  centre :  it  has  been  measured  in  some  comets.  In  Biela*s 
it  is  given  at  from  70  to  1 12  miles ;  in  other  comets  two,  three, 
four,  and  five  thousand  miles.  In  the  comet  of  1 845,  the  nucleus 
was  as  large  as  the  earth.  Halley*s  comet,  at  one  time,  showed 
a  nucleus  from  250  to  1000  miles  in  diameter ;  and  in  a  few 
months  it  appeared  to  be  97,000  miles. 

The  A^oa  mcludes  the  bright  surrounding  light  and  the  ne- 
bulous coma,  or  atmosphere,  about  the  nucleus.  The  head  of 
the  comet  of  1811  was  about  a  million  of  miles  in  diameter; 
that  of  Halley*s  and  of  Encke*s  upwards  of  a  third  of  a  million 
of  miles ;  but  the  diameters  much  vary  as  they  approach  the 
sun,  becoming  less  and  not  greater. 

The  tail  is  the  most  brilliant  appendage  of  comets,  but  is  not 
found  with  all.  Its  visible  length  is  extremely  various ;  in  some 
extending  over  a  few  degrees  of  the  heavens,  and  in  others,  as 
in  the  "  Expected  Gbeat  Comet,"  upwards  of  10°.  Some  tails 
are  bifurcated,  others  are  bushy  and  branchy ;  some  are  long 
and  slender,  others  short  and  thick.  The  actual  lengths  of  the 
tails  vary  from  about  a  quarter  of  a  million  to  100  and  200  mil- 
lions of  miles. 

-E.  When  is  the  great  comet  expected  ?  I  hope  we  may  see 
it.    Do  tell  us  something  about  it. 

T.  It  was  seen  last  in  a.  d.  1556 ;  its  period  is  not  exactly 
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known ;  but  is  computed  by  M.  Bomme,  from  the  elements  re- 
spectively of  Halley  and  of  Hind,  to  be  somewhat  over  300  years, 
and  is  to  be  looked  for  in  August  1858  or  August  1860.  It  is 
supposed  to  have  been  the  same  as  that  seen  in  1264,  and  will 
be  a  most  magnificent  visitor.  When  its  head  was  in  the  horizon, 
its  tail  extended  beyond  the  zenith.  It  is  the  greatest  of  all  the 
comets,  and  excited  universal  wonder. 

E,  Of  what  does  the  tail  of  a  comet  consist  ? 

T,  That,  my  dear,  it  is  impossible  to  determine :  all  I  could 
say  would  be  only  conjecture.  After  all  the  exertions  of 
astronomers  of  all  countries,  there  is  no  class  of  celestial  objects 
whose  theory  is  so  little  advanced  as  that  of  comets.  We  will, 
therefore,  dwell  no  longer  upon  it.* 


CONVERSATION^  XXVL 
Of  the  Sun, 

T,  Having  given  you  a  particular  description  of  the  planets 
which  revolve  about  the  sun,  and  also  of  the  satellites  which  travel 
round  the  primary  planets  as  central  bodies,  while  they  are  car- 
ried at  the  same  time  with  these  bodies  round  the  sun,  we  shall 
conclude  our  account  of  the  solar  system  bj  taking  some  notice 
of  the  Sun  himself. 

J,  You  told  us,  a  few  days  ago,  that  the  sun  has  a  rotation 
on  its  axis ;  how  is  that  known  ?  • 

T,  By  the  spots  on  his  surface  it  is  known  that  he  completes 
a  revolution  from  west  to  east  on  his  axis  in  about  25  days,  two 
days  less  than  his  apparent  revolution,  in  consequence  of  the 
earth's  motion  in  her  orbit  in  the  same  direction. 

C.   Is  the  figure  of  the  sun  globular  ? 

T,  No ;  the  motion  about  its  axis  renders  it  spheroidal,  having 
its  diameter  at  the  equator  longer  than  that  which  passes  through 
the  poles. 

The  sun*s  diameter  is  more  than  equal  to  100  diameters  of 
the  earth,  and  therefore  his  bulk  must  be  more'  than  a  million 
of  times  greater  than  that  of  the  earth  ;  but  the  density  of  the 
matter  of  which  it  is  composed  is  four  times  less  than  the  density 
of  our  globe. 

We  have  already  seen  that,  by  the  attraction  of  the  sun,  the 
planets  are  retained  in  their  orbits,  and  that  to  him  they  are  in-' 
debted  for  light,  heat,  and  motion. 

«  Tho«e  who  wish  for  more  partlculan  on  this  nibject  are  reftrred  to  *'  Scientiio 
Notioet  of  Comets,  firom  the  French  of  M.  Arago,  by  Col.  C.  Gold;"  and  l£r.  Hind's  work, 
already  mentioned. 
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We  can  liardlj  suppose,  bnweTer.  that  the  lun,  ft  bod^  three 
buudreil  times  larger  than  all  the  plaoeta  toother,  was  created 
only  to  preserve  the  periodic  motion*,  and  giie  li^hl  and  heat 
to  uie  planets.  Manj  astronomers  have  conjectured  that  its  at- 
mcephere  onlj  is  luminoos,  vbite  its  bodj  U  opaque,  and  pro- 
bably of  a  constitntion  nnaio^m  to  that  of  the  planets.  Allow- 
ing, therefore,  that  its  luminous  atmosphere  only  extricates  heat, 
we  see  no  reason  why  the  sna  itself  should  not  be  inhabited. 

J.  For  my  part,  sir,  I  am  at  once  inclined  to  believe  this ;  bo* 
cause  it  accords  completely  with  all  one's  preconceived  senti- 
ments of  the  wisdom  and  goodness  of  the  Great  Creator  of  the 


T.  Mr.  Dawes  has  modified  the  eye-piece  of  his  telescopes, 
K>  as  to  have  enabled  him  to  examine  more  closely  the  Epols  on 
the  surface  of  the  s  jn.  Fig.  22.  represents  a  spot  exammed  nn 
Jan.  17.  and  Jan.  23.  1S52.  It  consists  of  n  penumbral  portion  a, 
of  the  cloudi/  itratum,  b,  which  had  not  previously  been  noticed ; 


ris-B. 
and  of  the  dark  nacleiu,  c.  The  cloudy  stratum  6,  acems  to  be 
much  below  the  penumbra,  and  does  not  appear  as  self-luminous, 
but  rather  to  absorb  light.  It  is  somotimes  mottled  with  patches 
more  luminous  than  the  rest  of  it,  but  not  so  luminous  as  the 
pennmhra  a.  The  blact  nucleus  is  supposed  to  be  the  body  of 
the  sun  itself.  The  two  figures  show  a  remarkable  instance  of 
an  actjoil  TOtatory  motion  of  tie  cloudy  stratum  around  the 
nucleus  from  Jan  17.  to  Jan.  23. 
The  quantity  of  spots  on  the  sun  varies  year  by  year  j  for  five 

i'ears  they  increase  in  number  to  a  tRaximuni ;  and  in  five  fol- 
owing  years  decrease  to  a 
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CONVERSATION  XXVU. 
Of  (he  Fixed  Stars, 

T,  We  will  now  put  an  end  to  our  Astronomical  Conver- 
sations, by  referring  again  to  the  fixed  stars,  which,  like  our  sun, 
shine  by  their  own  light. 

C.  Is  it  then  certain  that  the  fixed  stars  are  of  themselves 
luminous  bodies,  and  that  the  planets  borrow  their  light  from 
the  sun  ? 

T,  By  the  help  of  telescopes  it  is  known  that  Mercury,  Venus, 
and  Mars  shine  by  a  borrowed  light,  for,  like  the  moon,  they 
are  observed  to  have  different  phases,  according  as  they  are  dif- 
ferently situated  with  regard  to  the  sun.  The  immense  distances 
of  Jupiter,  Saturn,  and  Herschel  do  not  allow  the  difference 
between  the  perfect  and  imperfect  illumination  of  their  discs  or 
phases  to  be  perceptible. 

Now  the  distance  of  the  fixed  stars  from  the  earth  is  so  great 
that  reflected  light  would  be  much  too  weak  ever  to  reach  the 
eye  of  an  observer  here. 

J.  Is  this  distance  ascertained  with  any  degree  of  precision  ? 

T.  It'  is  not ;  but  it  is  known  with  certainty  to  be  so  great, 
that  the  whole  diameter  of  the  earth's  orbit — viz.  190  mil- 
lions of  miles,  is  but  a  point  in  comparison  of  it ;  and  hence  it 
is  inferred  that  the  distance  of  the  nearest  fixed  star  cannot  be 
less  than  a  hundred  thousand  times  the  length  of  the  earth's 
orbit ;  that  is  a  hundred  thousand  times  190  millions  of  miles,i,or, 
19,000,000,000,000  miles  ;  this  distance  being  immensely  great, 
the  best  method  of  forming  some  clear  conception  of  it  is  to  com- 
pare it  with  the  velocity  of  some  moving  body,  by  which  it  may 
be  measured.  The  swiftest  motion  with  which  we  are  acquainted 
is  that  of  light ;  which,  as  we  have  seen,  is  at  the  rate  of  12 
millions  of  miles  in  a  minute ;  and  vet  light  would  be  about  three 
years  in  passing  from  the  nearest  fixed  star  to  the  earth. 

A  cannon-b^l,  which  may  be  made  to  move  at  the  rate  of  20 
miles  in  a  minute,  would  be  1800  thousand  years  in  traversing 
the  distance.  Sound,  the  velocity  of  which  is  13  miles  in  a 
minute,  would  be  more  than  2700  thousand  years  in  passing  from 
the  star  to  the  earth.  So  that,  if  it  were  possible  for  the  inhabi- 
tants of  the  earth  to  see  the  light,  to  hear  the  sound,  and  to 
receive  the  ball  of  a  cannon  discharged  at  the  nearest  fixed  star, 
they  would  not  perceive  the  light  of  its  explosion  for  three 
years  after  it  had  been  fired  ;  nor  receive  the  ball  till  1800 
thousand  years  had  elapsed ;  nor  hear  the  report  for  2700 
thousand  years  after  the  explosion. 
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» 

C  Are  the  fixed  stars  at  different  distances  from  the  earth  ? 

T.  Their  ma^itudes,  as  you  know,  appear  to  be  different  from 
one  another,  which  difference  may  arise  either  from  a  diversity 
in  their  real  magnitude,  or  in  their  distances,  or  from  both  these 
causes  acting  conjointly.  It  is  the  opinion  of  Dr.  Herschel,  that 
the  different  apparent  magnitudes  of  the  stars  arise  from  the  dif- 
ferent distances  at  which  they  are  situated ;  and  therefore  he 
concludes,  that  stars  of  the  seventh  magnitude  are  at  seven  times 
the  distance  from  us  that  those  of  the  first  magnitude  are. 

By  the  assistance  of  his  telescopes  he  was  able  to  discover 
stars  at  497  times  the  distance  of  Siritu  the  Dog-star :  from 
which  he  inferred,  that  with  more  powerftd  instruments  we 
should  be  able  to  discover  stars  at  still  greater  distances. 

J.  I  recollect  you  told  us  once,  that  it  had  been  supposed  by 
some  astronomers,  that  there  might  be  fixed  stars  at  so  great  a 
distance  from  us,  that  the  rays  of  their  light  had  not  yet  reached 
the  earth,  though  they  had  been  travelling  at  the  rate  of  12 
millions  of  miles  in  a  minute,  from  the  first  creation  up  t-o  the 
present  time. 

T.  I  did  ;  it  was  one  of  the  sublime  speculations  of  the  cele- 
brated Huygens.  Dr.  Halley  has  also  advanced  what,  he  says, 
seems  to  be  a  metaphysical  paradox, — viz.  that  the  number  of 
fixed  stars  must  be  more  than  finite,  and  some  of  them  at  a 
greater  than  a  finite  distance  from  others :  and  Mr.  Addison  has 
observed,  that  this  thought  is  far  from  being  extravagant,  when 
we  consider,  that  the  universe  is  the  work  of  infinite  power, 
promoted  by  infinite  goodness,  and  having  an  infinite  space  to 
exert  itself  in :  so  that  our  imagination  can  set  no  bounds  to  it. 

C  What  can  be  the  use  of  these  fixed  stars  ? — not  to  enlighten 
the  earth :  for  a  single  additional  moon  would  give  us  much 
more  light  than  them  all,  especially  if  it  were  so  contrived  as  to 
afford  us  its  assistance  at  those  intervals  when  our  present  moon 
is  below  the  horizon. 

T,  You  are  right ;  they  could  not  have  been  created  for  our 
use ;  since  thousands,  and  even  millions,  are  never  seen  but  by 
the  assist-ance  of  glasses,  to  which  but  few  of  our  race  have 
access.  Your  minds  indeed  are  too  enlightened  to  imagine,  like 
children  unaccustomed  to  reflection,  that  all  things  were  created 
for  the  enjoyment  of  man.  The  earth  on  which  we  live  is  but 
one  of  many  primary  planets  circulating  perpetually  round  the 
sun  as  a  centre,  and  with  these  are  connected  secondary  planets 
or  moons,  all  of  which  are  probably  teeming  with  living  beings, 
capable,  though  in  different  ways,  of  enjoying  the  bounties  of 
the  great  First  Cause. 

The  fixed  stars  then  are  probably  suns,  which,  like  our  sun, 
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serve  to  enlighten,  warm,  and  sustain  other  systems  of  planets 
and  their  dependent  satellites  :  and  each,  like  our  sun,  may  be 
the  residence  of  animals  rational  and  irrational. 

J,  Would  our  sun  appear  as  a  fixed  star  at  any  great  distance  ? 

T.  It  certainly  would  :  and  Dr.  Herschel  thinks  there  is  no 
doubt,  but  that  it  is  one  of  the  heavenly  bodies  belonging  to  that 
tract  of  the  heavens  known  by  the  name  of  the  Milky  Way, 

C.  1  know  the  milky  way  in  the  heavens,  but  I  little  thought 
that  I  had  any  concern  with  it  otherwise  than  as  an  observer. 

T.  The  milky  way  consists  of  fixed  stars,  too  small  to  be  dis- 
cerned with  the  naked  eye  ;  and,  if  our  sun  be  one  of  them,  the 
earth  and  other  planets  are  closely  connected  with  this  part  of 
the  heavens. 


HYDROSTATICS. 


CONVERSATION  I. 

INTBODUGTION. 

Father — Charles — Emma, 

F,  We  shall  now  proceed  with  the  branch  of  science  called 
Hydrostatics, 

E.  That  is  a  difficult  word  :  what  are  we  to  understand  by 

it? 

F,  Almost  all  the  technical  terms  made  use  of  in  science  are 
either  Greek  or  derived  from  the  Greek  language.  The  word 
hydrostatics  is  formed  of  two  Greek  words  which  signify  water^ 
and  the  science  which  considers  the  weight  of  bodies.  But  hy- 
drostatics, as  a  branch  of  natural  philosophy,  treats  of  the  nature, 
gravity,  pressure,  and  motion  of  fluids  in  general ;  and  of  the 
methods  of  weighing  solids  in  them.  I  ought  to  tell  you  that 
many  writers  divide  this  subject  into  two  distinct  parts, — viz.  hy^ 
drostatics  and  hydraulics ;  the  latter  relates  particularly  to  the 
motion  of  water  through  pipes,  conduits,  &c. 

In  these  Conversations  I  shall  pay  no  regard  to  this  distinc- 
tion, but  shall,  under  the  general  title  of  hydrostatics,  describe 
the  properties  of  all  fluids,  but  principally  those  of  water ;  ex- 
plaining, as  we  go  on,  the  motions  of  it,  whether  in  pipes,  pumps, 
siphons,  engines  of  diflerent  kinds,  fountains,  &c.  Do  you  know 
what  a  fluid  is  ? 

C,  I  know  how  to  distinguish  a  fluid  from  a  solid :  water  and 
wine  are  fluids,  but  why  so  called  I  cannot  tell. 

F,  A  fluid  is  generally  defined  as  a  body,  the  parts  of  which 
readily  yield  to  any  impression,  and  in  yielding  are  easily  moved 
among  each  other. 

E,  But  this  definition  does  not  notice  the  wetting  of  other 
bodies  brought  into  contact  with  a  fluid.  If  I  put  my  fingers 
into  water  or  milk,  a  part  of  it  adheres  to  them,  and  they  are 
said  to  be  wet. 

F,  Every  accurate  definition  must  mark  the  qualities  of  all 
the  individual  things  defined  by  it :  now  there  are  many  fluids 
which  have  not  the  property  of  wetting  the  hand  when  plunged 
into  them.    The  air  we  breathe  is  a  fluid,  the  parts  of  which 
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surrounded  by  it. 

S.  Air,  however,  is  90  different  Irom  water,  that  in  tUis 
respect,  they  will  scarcely  admit  of  comparison. 

C.  I  have  sometimes  dipped  my  finger  into  a  cup  of  quick- 
silver,  but  none  of  the  fluid  came  away  with  it. 

F.  You  are  right ;  and  hence  you  will  find  that  some  writers 
on  natural  philosophy  distinguish  between  fluids  and  liquids. 
Air,  quicksilver,  and  melted  metals,  are  fluids,  but  not  liquids ; 
while  wtLter,  milk,  beer,  wine,  oil,  spirits,  &c.  are  fluids  and 
liquids. 

C-  Are  we  then  to  understand,  that  liquids  are  known  bythe 
property  of  adbenng  to  different  subatances  which  are  immersed 

F.  This  description  will  not  always  hold ;  for  though  mercuir 
will  not  stick  to  your  hand,  if  plunged  into  a  cup  of  it,  yet  it 
will  adhere  to  many  metals,  as  tin,  guld,  &c.  The  dbtinctlon 
between  liquids  and  fluids  is  introduced  into  books  more  on 
account  of  common  convenience,  than  philosophical  accuracy ; 
the  liquid  is  distinguished  by  the  cohesion  of  its  particles  with 
each  other.* 

E.  You'said,  I  believe,  thai  a  fluid  is  defined  as  a  body,  whose 
parts  yield  to  the  smallest  force  impressed  P 

F.  This  is  the  definition  of  a  perfect  fluid  :  and  the  less  force 
that  is  required  to  move  the  parts  of  a  fluid,  the  more  perfect  is 
that  fluid. 

C.  But  how  dopeoplereasonreapccting  the  particles  of  which 
fluids  nre  composed  ?  have  they  ever  seen  them  ? 

F.  Philosophers  im^ine  they  must  be  exceedingly  small, 
because,  with  their  best  glasses,  they  have  never  been  able  to 
discern  them.  And  tbej  contend,  that  tliese  particles  must  be 
round  and  smooth,  since  they  are  so  easily  moved  among  and 
over  one  another.  If  they  are  round,  you  know,  there  must  be 
vacant  spaces  left  between  them. 

E.  How  is  this  ? 

F.  Suppose  a  number  of  cannon-ballswere  placed  in  . 

with  the  edge ;  though  the  vessel  would  contain  no  liyjQjB 
more  larse  balls,  it  would  hold,  in  the  vacant  spaces,  iJjrTljH 
many  smaller  shot;  and  between  these,  others  still  ijV4H 
smaller  might  be  introduced;  and  when  the  vessel  IIt^IH 
would  contain  no  more  shot,  a  quantity  of  sand  might  I|v4l 
be  shaken  in,  and  between  the  pores  of  these,  water  Ul^JJV 
or  other  fluids  would  readily  insinuate  themselves.         ^'^- '- 
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JE,  This  I  understand ;  but  are  there  any  other  proofs  that 
water  is  made  up  of  such  globular  particles  ? 

F,  There  are  seyeral :  all  aquatic  plants,  that  is,  plants  which 
live  in  water,  have  their  pores  round,  and  are  thereby  adapted 
to  receive  the  same  shaped  particles  of  water ;  all  mineral  and 
medicinal  waters  evidently  derive  their  peculiar  character  from 
the  different  substances  taken  into  their  pores ;  from  which  it 
has  been  concluded  that  the  particles  of  water  are  globular, 
because  such  admit  of  the  largest  intervals. 

Upon  this  principle,  tinctures,  as  those  of  bark,  rhubarb,  &c. 
are  made ;  a  quantity  of  the  powder  of  bark,  or  any  other  sub- 
stance, is  put  into  spirits  of  wine ;  the  very  fine  particles  are 
taken  into  the  pores  of  the  spirit ;  thesejchange  the  colour  of 
the  mass,  though  it  remains  as  transparent  as  it  was  before. 

C  But  in  these  cases  is  not  the  bulk  of  the  fluid  increased  ? 

F,  In  some  instances  it  is  ;  but  in  others  it  will  remain  the 
same,  as  the  following  very  easy  experiment  will  show  : 

Take  a  phial  with  some  rain  water,  mark  very  accurately  the 
height  at  which  the  water  stands,  after  which  introduce  a  small 
quantity  of  salt,  which,  when  completely  dissolved,  you  will 
nnd  has  not  in  the  least  increased  the  bulk  of  the  water.  When 
the  salt  is  taken  up,  sugar  may  be  dissolved  in  the  water, 
without  making  any  addition  to  its  bulk. 

JE.  Are  we  then  to  infer,  that  the  particles  of  salt  are  smaller 
than  those  of  water,  and  lie  between  them,  as  the  small  shots  lie 
between  the  cannon-balls ;  and  that  the  particles  of  sugar  are 
finer  than  those  of  salt,  and,  like  the  sand  among  the  shot,  will 
insinuate  themselves  into  vacuities,  too  small  for  the  admission 
of  the  salt? 

F.  I  think  the  experiment  fairly  leads  to  that  conclusion. 
Another  fact  respectmg  the  particles  of  fluids  deserving  your 
notice  is,  that  they  are  exceedingly  hard,  and  almost  incapable 
of  compression. 

C.  What  do  you  mean,  sir,  by  compression  ? 

F,  I  mean  the  act  of  squeezing  anything,  in  order  to  bring 
its  parts  nearer  together.  Almost  all  substances  with  which  we 
are  acquainted  may,  by  means  of  pressure,  be  reduced  into  a 
less  space  than  they  naturally  occupy.  But  water,  oil,  spirits, 
quicksilver,  &c.  cannot  by  any  pressure  of  which  human  art  or 
power  is  capable,  be  reduced  into  a  space  sensibly  less  than  they 
naturally  possess. 

JE,  lias  the  trial  ever  been  made  ? 

F,  Yes,  by  some  of  the  ablest  philosophers  that  ever  lived. 
And  it  has  been  found,  that  water  will  find  its  way  through  the 
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pores  of  gold  even,  rather  than  suffer  itself  to  be  compressed 
into  a  smaller  space. 

C.  How  was  the  experiment  made  ? 

F.  At  Florence,  a  celebrated  city  in  Italy,  a  globe  made  of 
gold  was  filled  with  water,  and  closed  so  accurately  that  none  of 
it  could  escape.  The  globe  was  then  put  into  a  press,  and  a 
little  flattened  at  the  sides  ;  the  consequence  of  which  was,  that 
the  water  came  through  the  fine  pores  of  the  golden  globe,  and 
stood  upon  its  surface  like  drops  of  dew. 

C.  Would  not  the  globe  contain  as  much  after  its  sides  were 
bent  in  as  it  did  before  ? 

F,  It  would  not ;  and  as  the  water  forced  its  way  through  the 
gold  rather  than  suffer  itself  to  be  brought  into  a  smaller  space, 
than  it  naturally  occupied,  it  wasa^concluded,  at  that  time,  that 
water  was  incompressible.  Later  experiments  have,  however, 
shown  that  those  fluids  which  were  esteemed  incompressible  are, 
in  a  very  small  degree,  as,  perhaps,  one  part  in  twenty  thousand, 
capable  of  compression. 

£.  Is  it  on  this  account  you  conclude  that  the  particles  are 
very  hard  ? 

F.  Undoubtedly :  for  if  they  were  not  so,  you  can  easily  con- 
ceive that  since  there  are  vacuities  between  them,  as  we  have 
represented  in  the  preceding  figure,  they  must,  by  very  great 
pressure,  be  brought  closer  together,  and  would  emdendi/  oc- 
cupy a  less  space,  which  is  contrary  to  fact.  Fluids,  like 
solids,  are  elastic ;  a  drop  of  mercury  falling  from  a  height 
rebounds. 

Note, — Water,  oil,  spirits,  &c.  are  said  to  be  incompressible, 
not  because  they  are  absolutely  so,  but  because  their  compres- 
sibility is  so  very  small,  as  to  make  no  sensible  difference  in 
calculations  relative  to  the  several  properties  of  those  fluids. 

Mr.  Canton  discovered  the  compressibility  of  water  in  the 
year  1761,  and  he  says,  that  from  repeated  trials  he  found  that 
water  will  expand,  and  rise  in  a  tube,  by  removing  the  weight 
of  the  atmosphere,  about  one  part  in  21*740,  and  will  be  as  much 
compressed  under  the  weight  of  an  additional  atmosphere. 

Mr.  Perkins  found  that  a  pressure  of  1 120  atmospheres  pro- 
duced a  diminution  of  J^in  the  bulk  of  water  And  Professor 
Oersted  found  each  additional  atmospheric  pressure  compressed 
water  46  millionths  of  its  bulk. 

A  fluid  that  has  no  immediate  tendency  to  expand  when  at 
liberty  is  commonly  considered  as  a  liquid,  as  water,  oil,  &c. 
See  xoung's  Lectures,  vol.  i.  p.  259. 
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CONVERSATIdN  IL 
Ofiht  Weight  and  Presntre  of  Fluids, 

F.  The  parts  or  particles  of  fluids  act,  with  respect  to  their 
wei^t  or  pressure,  independently  of  each  other. 

F.  Will  you  explain  what  jou  mean  bj  this  ? 

F,  You  recollect  that,  by  the  attraction  of  cohesion  *,  the  parts 
of  all  solid  substances  are  kept  toother,  and  press  into  one  com- 
mon mass.  K  I  cut  a  part  of  tlus  wooden  ruler  away,  the  rest 
will  remain  in  precisely  the  same  situation  as  it  was  before.  But 
if  I  take  some  wat^  out  of  the  middle  of  a  vessel,  the  remainder 
flows  instantly  into  the  place  from  whence  that  was  taken,  so  as 
to  bring  the  whole  mass  to  a  l^eL 

C.  Have  the  particles  of  water  no  attraction  for  each  other? 

F.  Yes ;  in  a  slight  d^ree.  The  globules  of  dewf  on 
cabbage-plants  prove,  that  Uie  particles  of  water  have  greater 
attraction  for  one  another  than  they  have  for  the  leaf  on  which 
they  stand.  Neverthdess,  this  attraction  is  very  small,  and  you 
can  easily  conceive,  that  if  the  particles  are  round  they  will  touch 
each  other  in  very  few  parts,  and  slide  with  the  smallest  pressure. 
Imagine  that  a  few  of  the  little  globules  were  taken  out  of  the 
vessel  exhibited  at  p.  143,  and  it  is  evident  that  the  surrounding 
ones  would  fall  into  their  place.  It  is  upon  this  principle  that 
the  surface  of  every  fluid,  when  at  rest,  is  horizontal  or  level. 

C,  Is  it  upon  this  principle  that  water-levels  are  constructed  ? 

F.  It  is ;  the  most  simple  kind  of  water-level  is  a  long  wooden 
trough  filled  to  a  certain  height  with  water;  the  surface  of 
which  shows  the  level  of  the  place  upon  which  it  stands. 

C,  I  did  not  allude  to  this  kind  of  level,  but  to  those  smaller 
ones  contained  in  glass  tubes. 

F,  These  are,  more  properly  speaking,  air-levels.  They  are 
thus  constructed :  d  is  a  glass  cylin- 
drical tube  fixed  into  l,  a  socket  made 
generally  of  brass.  The  glass  is 
nearly  filled  with  water,  or  some 
other  fluid,  in  which  is  inclosed  a 
single  bubble  of  air.     When  this  ^***^* 

bubble  fixes  itself  at  the  mark  a,  made  exactly  in  the  middle  of 
the  tube,  the  place  on  which  the  instrument  stands  is  perfectly 
level.  When  it  is  not  level,  the  bubble  will  rise  to  the  higher 
end. 

F,  What  is  the  use  of  these  levels  ? 

F,  They  are  fixed  to  a  variety  of  philosophical  instruments, 

«  Sm  Mcehaaics,  Conrenfttion  m.  t  See  Mechanics,  ConTenation  lY. 
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8ucli  as  quadrants,  and  telescopes  for  survejing  the  heavens; 
and  theodolites  for  taking  the  level  of  any  part  of  the  earth,  or 
for  measuring  horizontal  angles.  They  are  also  useful  in  the 
more  common  occurrences  of  life.  A  single  instance  will  show 
their  value :  clocks  will  not  keep  true  time  unless  they  stand 
very  upright ;  now,  by  means  of  one  of  those  levels,  you  may 
easily  ascertain  whether  the  bracket  upon  which  the  clock  in  the 
passage  stands  is  level. 

E,  But  I  remember  when  Mr.  F brought  home  your 

clock,  he  tried  if  the  bracket  was  even  by  means  of  Charleses 
marbles.     How  did  he  know  by  this  ? 

F,  The  marble  being  round,  touched  the  board  in  a  point 
only,  consequently  the  line  of  direction*  could  not  fall  through 
that  point,  unless  the  bracket  was  very  level ;  therefore,  when 
the  marble  was  placed  in  two  or  more  different  parts  of  the 
board,  and  did  not  move  to  one  side  or  the  other,  he  might 
safely  conclude  that  it  was  a  level. 

C,  Then  the  water  level  and  the  rolling  of  the  marble  depend 
on  the  same  principle  ? 

F.  They  do,  upon  the  supposition  that  the  particles  of  water 
are  round.  The  water-level  will,  however,  be  tne  most  accurate, 
because  we  may  imagine  that  the  parts  of  which  water  is  com- 
posed are  perfectly  round,  and  therefore,  as  may  be  geometri- 
cally proved,  they  will  touch  only  in  an  infinitely  small  point ; 
whereas  marbles,  made  by  human  contrivance,  touch  in  many 
such  points. 

We  now  come  to  another  very  curious  principle  in  this  branch 
of  science, — viz.  that  fluids  press  equally  in  all  directions.    AH 
bodies,  both  fluid  and  solid,  press^  downwards  by  the  force  of 
gravitation,  but  fluids  of  all  kmds  exert  a  pressure  upwards  and 
sideways  equal  to  their  pressure  downwards. 
F,  Can  you  show  any  experiments  in  proof  of  this? 
F,  A  B  c  is  a  bended  glass  tube :  with  a  small 
glass  funnel,  pour  into  the  mouth  a 
a  quantity  or  sand.    You  will  find 
that,  when  the  bottom  part  is  filled, 
whatever  is  poured  in  afterwards 
will  stand  in  the  side  of  the  tube  ab, 
and  not  rise  in  the  other  side  b  c. 
C,  The  reason  of  this  is,  that  by  the  attrac- 
tion of  gravitation,  all  bodies  have  a  tendency 
to  the  earth  f;  that  is,  in  this  case,  to  the 
lowest  part  of  the  tube ;  but  if  the  sand  as-  rij.  s. 

«  See  Uechanies,  ConrenaUoii  IX.  t  See  Meehanlct,  ConTenfttion  y» 
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eended  in  the  side  bc,  its  motioo  would  be  directlj  the  reverie 
of  this  principle. 

F.  X  ou  mean  to  saj,  that  the  pressure  would  be  upwards,  or 
from  the  centre  of  the  earth. 
C  It  oertainlj  would. 

F.  Well,  we  will  pour  away  the  sand,  and  put  water  in  its 
place :  what  do  jou  saj  to  this  ? 

F,  The  water  is  leTel  in  both  sides  of  the  tube. 
F.  This  proTCS,  that  with  respect  to  fluids,  there  is  a  pressure 
upwards  at  the  point  b  as  well  as  downwards.     I  will  show  jou 
another  experiment. 

A  B  is  a  large  jar  having  a  flat  bottom  :  a  6  is 
a  tube  open  at  both  ends.  While  I  fill  the  jar 
with  water,  I  take  care  to  hold  the  small  tube  so 
close  to  the  bottom  of  the  jar  as  to  prevent  any 
water  from  getting  into  the  tube.  I  then  raise  it 
a  little,  and  you  see  it  is  instantly  filled  with  water 
from  the  jar. 

C.  It  is ;  and  the  water  is  level  in  the  jar  and 
the  tube. 

F,  The  tube  you  saw  was  filled  by  means  of 
^   the  pressure  upwards,  contrary  to  its  natural 
Ib    gravity. 

Take  out  the  tube ;  now,  the  water  having  es* 
Fig.  4.       caped,  it  is  filled  with  air.    Stop  the  upper  end  a 
with'a  cork,  and  plunge  it  into  the  jar,  the  water  will  rise  as 
high  as  h, 

E,  What  is  the  reason  of  this,  papa  ? 

F,  The  air,  with  which  the  tube  was  filled,  is  a  body  and  oc^ 
cupies  space ;  so  that  unless  the  water  were  first  to  force  it  out 
from  the  tube,  it  cannot  take  its  place. 

C.  If  air  be  a  substance,  and  the  tube  is  filled  with  it,  how 
can  any  water  at  all  make  its  way  into  the  tube  ? 

'  F,  This  is  a  very  proper  question.  Air,  though  a  substance, 
differs  irom  water  in  its  being  easily  compressible ;  that  is,  the 
air,  which,  by  the  natural  pressure  of  the  surrounding  atmo- 
cpherc,  fills  the  tube,  may,  by  the  additional  upward  pressure 
of  the  water,  be  reduced  into  a  smaller  space,  as  a  &.  Another 
experiment  will  illustrate  the  difierence  between  compressible 
and  incompressible  fluids. 

Fill  the  tube,  which  has  still  a  cork  in  one  end,  with  some 
coloured  liquor,  as  spirits  of  wine ;  over  the  other  end  place  a 
piece  of  pasteboard,  neld  close  to  the  tube  to  prevent  any  of  the 
liquor  from  escaping.  In  this  way  introduce  the  tube  into  a 
vessel  of  water,  keeping  it  perpendicular  all  the  time.    You 
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may  now  take  awa^r  the  pasteboard,  and  force  the  tube  to  anT 
depth ;  but  the  spirit  is  not  like  the  air ;  it  cannot  in  this 
manner  be  reduced  into  a  space  smaller  than  it  originallj 
occupied. 

JE.  Why  did  not  the  spirits  of  wine  rim  out  of  the  tube  into 
the  water  ? 

F,  Because  spirits  are  lighter  than  water ;  and  it  is  a  general 
principle  that  the  lighter  fluid  always  ascends  to  the  top. 

Take  a  thin  piece  of  horn  or  pasteboard,  and  while  you  hold  it 
by  the  edges,  let  your  brother  put  a  pound  weight  upon  it ;  what 
is  the  result  ? 

E.  It  is  almost  bent  out  of  my  hand. 

F,  Introduce  it  now  into  a  vessel  of  water  at  the  depth  of 
twelve  or  fifteen  inches,  and  bring  it  parallel  to  the  surface.  In 
this  position,  it  sustains  many  pounds  weight  of  water. 

C.  Nevertheless,  it  is  not  bent  in  the  least. 

F,  Because  the  upward  pressure  against  the  lower  surface  of 
the  horn  is  exactly  equal  to  the  pressure  downwards,  or,  which 
is  the  same  thing,  it  is  equal  to  the  weight  of  the  water  which 
it  sustains  on  the  upper  surface. 

E.  Is  this  the  case,  be  the  depth  what  it  may  ? 

F,  It  is ;  because,  at  all  depths,  the  pressures  upwards  and; 
downwards  are  always  equal:  in  other  words,  "fluids  press 
equally  in  all  directions." 

You  may  vary  these  experiments  by  yourselves  till  we  meet 
again,  when  we  will  resume  the  subject. 

C,  Do  I  understand  that,  if  I  apply  a  pressure  of  one  pound 
to  a  liquid  that  is  confined  in  a  vessel,  I  distribute  a  pressure 
of  a  pound  throughout  the  surface  of  the  vessel  ? 

F,  You  do  more  than  this  ;  and  hence  arise  some  important 
consequences :  if  your  power  of  one  pound  is  applied  by  pressing 
down  a  piston  that  has,  say,  a  square  inch  of  surface,  you  dis- 
tribute a  pressure  of  one  pound  to  every  square  inch  of  surface 
on  the  containing  vessel ;  and  if  it  presented  a  square  foot  or 
144  square  inches  of  surface,  your  one  pound  would  have  been 
increased  to  144  poimds  in  all. 


CONVERSATION  III. 
Of  the  Weight  and  Pressure  of  Fluids, 

C.  When  you  were  explaining  the  principle  of  the  Wheel  and 
Axle"**,  I  asked  the  reason  why,  as  the  bucket  ascended  near  the 

«  S«e  Mechanic*,  Conyertatlon  XVII. 
L  3 


150  HTDROSTATIGS. 

top  of  the  well,  tbe  difficulty  in  raisiDg  it  increased?  I  have 
just  now  found  another  part  of  the  subject  beyond  mj  compre* 
hension.  After  the  bucket  is  filled  with  water,  it  sinks  to  the 
bottom  of  the  well,  or  as  far  as  the  rope  will  suffer  it :  but  in 
drawing  it  up  through  the  water,  it  seems  to  have  little  or  no 
weight  till  it  has  ascended  to  the  surface  of  the  water.  How  is 
this  accounted  for  ? 

F,  I  do  not  wonder  that  you  haye  noticed  this  circumstance 
as  singular.  It  was  long  belieyed  b^  the  ancients  that  water 
did  not  grayitate,  or  had  no  weight,  m  water ;  or  as  the j  used 
to  express  it  more  generally,  that  fluids  do  not  gravitate  inpro* 
prio  loco. 

E,  I  do  not  understand  the  meaning  of  these  hard  words. 

F,  I  will  explain  their  meaning  without  translating  them ; 
because  a  mere  translation  would  giye  you  a  yery  inadequate 
idea  of  what  the  writers  intended  to  express  by  them. 

No  one  ever  doubted  that  water  and  other  fluids  had  weight, 
when  considered  by  themselves ;  but  it  was  supposed  that  they 
had  no  weight  when  inmiersed  in  a  fluid  of  the  same  kind.  The 
fact  which  your  brother  has  just  mentioned  respecting  the  bucket 
was  the  grand  argument,  upon  which  they  advanced  and  main- 
tained this  doctrine. 

E.  Does  it  not  weigh  anything,  then,  till  it  is  drawn  above 
the  surface  ? 

F.  You  must,  my  little  girl,  have  patience,  and  you  shall  see 
how  it  is.    Here  is  a  glass  bottle  a,  with  a  stopcock  b,  cemented 

to  it,  by  means  of  which  the  air  may 
be  exhausted  from  the  bottle,  and 
prevented  from  returning  into  it 
again.  The  whole  is  made  sufliciently 
heavy  to  sink  in  the  vessel  of  water  cd. 
The  bottle  must  be  weighed  in  air, 
that  is,  in  the  conmion  method ;  and 
suppose  it  weighs  12  ounces,  let  it 
now  be  put  into  the  situation  which 
is  represented  by  the  figure,  when  the 
weight  of  tbe  bottle  must  be  again 
^^•**  taken  by  putting  weights   into  the 

scale  z.  I  then  open  the  stopcock,  while  it  b  under  water, 
and  the  water  immediately  rushes  in  and  fills  the  bottle,  which 
overpowers  the  weights  in  the  scale.  I  now  put  other  weights, 
say  8  ounces,  into  the  scale,  to  restore  the  equilibrium  between 
the  bottle  and  scale.  It  is  evident,  then,  that  8  ounces  is  the 
weight  of  the  water  in  the  bottle,  while  weighed  under  water. 
Fasten  the  cock,  and  weigh  the  bottle  in  the  usual  way  in  the 
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C.  It  weighs  something  more  than  20  ounces. 

F,  That  is  12  ounces  for  the  bottle  and  8  ounces  for  the  water, 
besides  a  small  allowance  to  be  made  for  the  drops  of  water  that 
adhere  to  the  outside  of  the  bottle.  Does  not  this  experiment 
prove  that  the  water  in  the  bottle  weighed  just  as  much  in  the 
jar  of  water  as  it  weighed  in  the  air  ? 

E,  I  think  it  does. 

F.  Then  we  are  justified  in  concluding,  that  the  water  in  the 
bucket,  which  the  bottle  may  represent,  weighed  as  much  while 
under  water  in  the  well,  as  it  did  after  it  was  raised  above  the 
surface. 

C  This  fact  seems  decisive,  but  the  difficulty  still  remains  in 
my  mind ;  for  the  weight  of  the  bucket  is  not  felt  till  it  is  rising 
above  the  surface  of  the  water. 

F.  It  may  be  thus  accounted  for  :  any  substance  of  the  same 
specific  gravity  with  water  may  be  plunged  into  it,  and  it  will 
remain  wherever  it  is  placed,  either  near  the  bottom,  in  the 
middle,  or  towards  the  top,  consequently  it  mav  be  moved  in 
any  direction  with  the  application  of  a  very  small  force. 

E,  What  do  you  mean  by  the  specific  gravity  of  a  body  ? 

F,  The  specie  grcmty  of  any  body  is  its  weight  compared 
with  that  of  any  other  body.*  Hence  it  is  also  called  the  com- 
parative  gravity :  thus  if  a  cubic  inch  of  water  be  equal  in  weight 
to  a  cubic  inch  of  any  particular  kind  of  wood,  the  specific  or 
comparative  gravities  of  the  water  and  that  particular  wood  are 
equal.  But  since  a  cubic  inch  of  deal  is  lighter  than  a  cubic 
inch  of  water,  and  water  is  lighter  than  the  same  bulk  of  lead  or 
brass,  we  say  the  specific  gravity  of  lead,  or  brass,  is  greater 
than  that  of  water,  and  the  specific  gravity  of  water  is  greater 
than  that  of  deal. 

C  The  water  in  the  bucket  must  be  of  ihe  same  specific 
gravity  with  that  in  the  well,  because  it  is  a  part  of  it. 

F,  And  the  wooden  bucket  difiers  very  little  in  this  respect 
from  the  water ;  because  though  the  wood  is  lighter,  yet  the  iron 
of  which  the  hoops  and  handle  are  composed  is  specifically 
heavier  than  water ;  so  that  the  bucket  and  water  are  nearly  of 
the  same  specific  gravity  with  the  water  in  the  well ;  and, 
therefore,  it  is  moved  very  easily  through  it. 

Again,  we  have  already  proved  that  the  upward  pressure  of 
fluids  is  equal  to  the  pressure  downwards;  therefore  the  pressure 
at  the  bottom  of  the  bucket  upwards  being  precisely  equal  to 
the  same  force  in  a  contrary  direction,  the  application  of  a  very 
small  force,  in  addition  to  the  upward  pressure,  will  cause  the 
bucket  to  ascend. 

«  See  ConverMtioo  X.,  fte.  \ 
L  4 
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JE,  Do  yon  account  for  the  easy  ascent  of  the  bucket  upon 
the  same  principle  by  which  you  have  shown  that  horn  or  paste- 
board will  not  be  bent,  when  placed  horizontally  at  any  depth 
of  water  ? 

F,  Yes,  I  do ;  and  I  will  show  you  some  other  experiments 
to  prove  the  effect  of  the  upward  pressure. 

Take  a  glass  tube,  open  at  both  ends,  the  diameter  of  which 
is  about  the  eighth  of  an  inch,  thrust  it  into  a  vessel  of  water, 
and  close  the  top  with  your  thumb ;  you  may  now  take  it  out 
of  the  water,  but  it  will  not  empty  itself,  so  long  as  the  top  is 
kept  closed. 

C,  This  is  not  the  upward  pressure  of  water,  because  the 
tube  was  taken  out  of  it. 

F,  You  are  right :  it  is  the  upward  pressure  of  the  air,  which, 
while  the  thumb  is  kept  on  the  top,  is  not  counterbalanced  by 
any  downward  pressure :  therefore  it  keeps  the  water  suspended 
in  the  tube. 

Take  this  ale-glass,  fill  it  with  water,  and  cover  it  with  a  piece 
of  writing-paper :  then  place  your  hand  evenly  over  the  paper, 
so  as  to  hold  it  very  tight  about  the  edge  of  the  glass ;  you  may 
then  invert  the  glass,  and  take  away  your  hand  without  any 
danger  of  the  water's  falling  out. 

JE.  Is  the  water  sustained  by  the  upward  pressure  of  the  air  ? 

F.  The  upward  pressure  of  the  air  against  the  paper  sustains 
the  weight  of  water,  and  prevents  its  falling. 

You  have  seen  the  instrument  used  for  tasting  beer  or  wine  ? 

JE.  Yes ;  it  is  a  tin  tube,  that  holds  about  half  a  pint,  into 
which  very  small  tubes  are  inserted  at  top  and  bottom. 

F,  The  longer  one  is  put  into  the  hole  made  for  the  vent-peg, 
and  then,  by  drawing  out  the  air  from  it,  beer  or  wine  is  forced 
into  the  large  part  of  the  tube ;  then  by  putting  the  thumb  or 
finger  on  the  upper  part,  the  whole  instrument  may  be  taken 
but  of  the  cask,  and  removed  anywhere,  for  the  pressure  of  the 
air  against  the  iDottom  surface  of  the  lower  tube  keeps  the  liquor 
from  running  out ;  but  the  moment  the  thumb  is  taken  from 
the  top,  the  liquor  descends  by  the  downward  pressure  of  the 
air. 

C  Is  it  for  a  similar  reason  that  vent-holes  are  made  in  casks  ? 

F.  It  is  :  for  when  a  cask  is  full,  and  perfectly  close,  there  is 
no  downward  pressure,  and  therefore  the  air,  pressing  against 
the  mouth  of  the  cock,  keeps  the  liquor  from  running  out ;  a 
hole  made  at  the  top  of  the  cask  admits  the  external  pressure  of 
the  air,  by  which  the  liquor  is  forced  out.  In  large  casks  of  ale 
or  porter,  where  the  demand  is  not  very  great,  the  vent-hole 
need  seldom  be  used,  for  a  certain  portion  of  the  air  contained 
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in  the  liquor  escapes,  and,  being  lighter  than  the  beer,  ascends 
to  the  top,  by  which  a  pressure  is  created  without  the  assistance 
of  the  external  air. 

C  Do  fluids  experience  friction  as  they  flow  ? 

F,  Yes  :  a  stream  is  always  less  rapid  at  the  sides  than  in  the 
middle  of  a  river,  because  it  experiences  friction  against  the 
banks  and  shallow  bottom.  If  a  fine  tube  is  fitted  to  a  conical 
horizontal  tube,  and  dipped  into  water — (the  letter  T  represents 
the  arrangement,)  and  water  flows  along  the  horizontal  tube ;  its 
friction  against  the  air  at  the  orifice  of  the  smaller  tube  will 
draw  the  air  after  it :  the  water  will  then  rise  in  the  smaller 
tube,  and  eventually  flow  along  with  the  other  water.  The  same 
happens  with  a  vertical  arrangement. 


CONVERSATION  IV. 

Of  the  Lateral  Pressure  of  Fluids, 

F,  It  is  time  now  to  advance  another  step,  and  to  show  that 

the  lateral  or  side  pressure  is  eaual  to  the  perpendicular  pressure. 

F,  If  the  upward  pressure  is  equal  to  the  downward,  and  the 

side  pressure  is  also  equal  to  it,  then  the  pressure  is  equal  in  all 

directions. 

F.  You  are  right.  Though  the  side  direction  may  be  varied 
in  many  ways,  yet  there  are  only  the  upward,  downward,  and 
lateral  directions.  The  two  former  we  have  shown  are  equal. 
That  the  side  pressure  is  equal  to  the  perpendicular  pressure 
downwards  is  demonstrated  by  a  very  easy  experiment. 

A  B  is  a  vessel  filled  with  water,  having  two  small 
equal  orifices,  or  holes,  a  b,  bored  with  the  same 
tool,  one  at  the  side,  and  the  other  in  the  bottom ; 
if  these  holes  are  opened  at  the  same  instant,  and 
the  water  suflered  to  run  into  two  glasses,  they  will 
be  found,  in  a  given  time,  to  have  discharged  equal 
quantities  of  water ;  which  is  a  clear  proof  that  the 
water  presses  sideways  as  forcibly  as  it  does  down- 
Fig.  6.       wards. 

C,  Are  we  then  to  take  it  as  a  general  principle,  that  fluids 
press  in  every  possible  direction  ? 

F.  This,  I  think,  our  experiments  have  proved ;  but  you  must 
not  forget  that  it  is  only  true  upon  the  supposition  that  the  per' 
pendicyJar  heights  are  equal.  For  in  the  last  experiment,  if  the 
hole  b  had  been  bored  an  inch  or  two  higher  in  the  side  of  the 
vessel,  as  at  c,  the  quantity  of  water  running  out  at  a  would 
have  been  greater  than  that  at  b ;  and  much  greater  would  it 
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liaTe  been,  if  the  hole  h^d  been  bored  at  four  or  five  indies  above 
the  bottom  of  the  yesseL 

This  subject  of  pressure  may  be  farther  iUnstrated.  At 
the  bottom  of  this  tube  z  y,  open  at  both  ends,  I  have  tied 
a  piece  of  bUdder,  and  have  poured  in  water  till  it  stands 
at  the  mark  x.  Owing  to  the  pressure  of  the  water,  the 
bUdder  is  convex,  that  is,  bent  outwards ;  dip  it  into  the 
jar  (fig.  4,  page  148.),  the  bladder  is  still  convex :  thrust 
it  gentlj  down  ;  the  surface  of  the  water  in  the  tube  is 
now  even  with  that  in  the  jar. 
*^'''    j^.  It  is ;  and  the  bladder  at  the  bottom  is  become  flat. 

F.  The  perpendicular  depths  being  equal,  the  pressure  up- 
wards is  eaual  to  that  downwards,  and  the  water  in  the  tube  is 
exactly  balanced  by  the  water  in  the  jar.  Let  the  tube  be 
thrust  deeper  into  the  water. 

C  Now  the  bladder  is  bent  upwards. 

F*  The  upward  pressure  is  estimated  by  the  perpendicular 
depth  of  the  water  m  the  jar,  measured  from  the  surface  to  the 
bottom  of  the  tube ;  but  the  pressure  downwards  must  be  esti- 
mated by  the  perpendicular  height  of  the  water  in  the  tube, 
which  being  less  than  the  former,  the  pressure  upwards  in  the 
same  proportion  overcomes  that  downwards,  and  forces  up  the 
bladder  into  the  position  as  you  see  it  This  and  the  following 
experiment  are  some  of  the  best  that  can  be  exhibited  in  proof 
of  the  upward  pressure  of  fluids. 

Dip  an  open  end  of  a  tube,  having  a  very  narrow  bore,  into  a 
tessel  of  quicksilver ;  then,  stopping  the  upper  orifice  with  the 
finger,  lift  up  the  tube  out  of  the  vessel,  and  you  will  see  a  sort 
ojf  column  of  quicksilver  hanging  at  the  lower  end,  which,  when 
dipped  in  water  lower  than  14  times  its  own  length,  will,  upon 
removing  the  finger,  be  pressed  upwards  into  the  tube. 
F»  Why  do  you  fix  upon  14  times  the  depth? 

F.  Because  quicksilver  is  14  times  heavier  than 
water.  Upon  tub  principle  of  the  upper  pressure, 
lead  or  any  other  metal  may  be  made  to  swim  in 
water,  a  b  is  a  vessel  of  water,  and  a  &  is  a  glass 
tube,  open  throughout ;  <f  is  a  string,  by  which  a 
fiat  piece  of  lead  x  may  be  held  fast  to  tne  bottom 
of  the  tube.  To  prevent  the  water  from  getting 
in  between  the  lead  and  the  glass,  a  piece  of  wet 
leather  is  first  put  over  the  lead. 

In  this  situation,  let  the  tube  be  immersed  in 

*■•«•  *•        the  vessel  of  water,  and  if  it  be  plunged  to  the 

depth  of  about  eleven  times  the  thickness  of  the  lead  before  the 

strmg  be  let  go,  the  lead  will  not  fall  from  the  tube,  but  be  kept 

adhering  to  it  by  the  upward  pressure  below  it. 
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JE.  Is  lead  1 1  times  heavier  than  water  P 

F,  It  is  between  1 1  and  12  times  heavier ;  and,  therefore,  to 
make  the  experiment  sure,  the  tube  should  be  plunged  somewhat 
deeper  than  1 1  times  the  thickness  of  the  lead. 

U,  Is  it  not  owing  to  the  wet  leather  rather  than  to  the  upward 
pressure,  that  the  lead  sticks  to  the  tube  ? 

F.  If  that  be  the  case,  it  will  remain  fixed  if  I  draw  up  the 
tube  an  inch  or  two  higher ; — I  will  try  it. 

£,  It  has  fallen  off, 

F,  Because,  when  the  tube  was  raised,  the  upward  pressure 
was  diminished  so  much  as  to  become  too  small  to  balance  the 
weight  of  the  lead.  But  if  the  adhering  together  of  the  lead 
and  tube  had  been  caused  by  the  leather,  ^ere  would  be  no 
reason  why  it  should  not  operate  the  same  at  six  or  nine  times 
the  depth  of  the  lead's  thickness,  as  well  as  at  11  or  12  times 
that  thickness. 


CONVERSATION  V. 
Of  the  Hydrostatic  Paradox, 

E,  You  are  to  explain  a  paradox  to-day :  I  thought  natural 
philosophy  had  excluded  all  paradoxes. 

F,  Dr.  Johnson  has  given  this  definition  of  a  paradox,  "  an 
assertion  contrary  to  appearances : "  now  the  assertion  which  I 
am  to  refer  you  to  is,  that  any  quantity  of  water,  however  small, 
may  be  made  to  balance  any  quantity,  however  large.  That  a 
pound  of  water,  for  instance,  should,  without  any  mechanical 
advantage,  be  made  to  support  ten  pounds,  or  a  hundred,  or 
even  a  ton  weight,  seems  at  first  incredible ;  certainly  it  is  con- 
trary to  what  one  should  expect,  and  on  that  account  the  ex- 
periment to  show  this  fact  has  usually  been  called  the  hydrostatic 
paradox. 

C,  It  does  appear  unaccountable :  I  hope  the  experiments 
may  be  very  easy  to  be  understood. 

F,  Ms^nj  have  been  invented  for  the  purpose; — obgh  is  a 
glass  vessel,  consisting  of  two  tubes  of  very  diff'er- 
ent  sizes,  joined  together,  and  freely  communica- 
ting with  one  another.  Let  water  be  poured  in 
at  H,  which  will  pass  through  the  joining  of  the 
tubes,  and  rise  in  the  wide  one  to  the  same  height 
exactly  as  it  stands  in  the  smaller :  which  shows 
that  the  small  column  of  water  in  dg  balances 
the  large  one  in  the  other  tube.  This  will  be  the 
case  if  the  quantity  of  water  in  the  small  tube  be        ^^*  ^* 
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If  the  smaller  tube  be  bent  ia  anj  oblique  dtrection,  aa  ar, 
the  water  will  stand  at  r,  that  is,  on  the  same  lerel  ai  it  stands 
at  A.  TbU  would  be  the  case,  if,  instead  of  two  tubes,  there 
were  any  given  number  of  them  connected  tc^ether  at  b,  and 
varied  in  all  kinds  of  oblique  directions,  the  water  would  be  on 
a  level  in  them  all ;  that  is,  the  perpendicular  height  of  the  water 
would  be  the  same. 

C.  This  dtfea  not  quite  satisfy  me ;  because  it  appears  that  a 
greatpartofthe  water  in  the  large  tube  is  supported  by  the  parts 
B  about  the  bottom,  and  therefore  that  the  water  in  the  smaller 
tube  only  sustains  the  pressure  of  a  column  nf  water,  the  diameter 
of  which  is  equal  tu  its  own  diameter. 

F,  This  would  be  the  case  if  the  pressure  of  fluids  were  only 
downwards,  but  we  have  shown  that  it  acts  in  all  directioas ; 
and,  therefore,  the  pressure  of  the  parts  near  the  side  of  the 
tube  acts  agiunst  the  column  in  the  middle,  which  you  suppose 
is  the  only  part  of  the  water  sustained  by  that  contained  in  the 
small  tube ;  consequently,  the  smaller  quantity  of  water  in  d  b 

Let  us  try  another  experiment. 

ABC  and  ABC  ere  two  vessels,  having  their  bottoms  s  d 
and  D  d  exactly  equal,  but  the  contents  of  one  vessel  are 
twenty  times  greater  than  the  other;  that  is,  the  first  figure, 


when  filled  up  to  a,  will  hold  but  one  pint  of  water ;  whereas 
the  second,  when  filled  to  the  same  hei<;ht,  will  hold  twenty 
pints.  Brass  bottoms,  c  c,  are  fitted  exactly  to  each  vessel,  and 
made  water-tight  by  pieces  of  wet  leather.     Each  bottom  ia 

^'oined  to  its  vessel  by  a  hinge  s,  so  that  it  opens  downwards 
ike  the  lid  of  a  box.  By  means  of  a  little  hook  d,  a  pulley  f, 
and  a  weight  k,  the  bottom  is  kept  close  to  the  vessel,  and  will 
bold  a  certain  quantity  of  water. 
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'  E,  That  is,  till  the  weight  of  the  water  overcome  the 
weight  E. 

F.  No ;  not  till  the  weighty  but  till  the  pressure  of  the  water 
overcome  the  weight  b. 

Now  hold  the  second  vessel  upright  in  your  hands,  while  I 
gradually  pour  water  into  it  with  a  funnel ;  the  pressure  bears 
down  the  bottom,  and,  of  course,  raises  the  weight,  and  a  small 
quantity  of  the  water  escapes.  Let  us  mark  the  height  h  a,  at 
which  the  surface  of  the  water  stood  in  the  vessel  when  the 
bottom  began  to  give  way. 

Try  the  other  vessel  in  the  same  manner,  and  we  shall  see 
that  when  the  water  rises  to  a,  that  is,  to  just  the  same  height 
in  this  vessel  as  in  the  former,  the  bottom  will  also  give  way, 
as  it  did  in  the  other  case.  Thus  equal  weights  are  overcome 
in  the  one  case  by  twenty  pints  of  water,  and  in  the  other  by  a 
single  pint.  The  same  would  hold  good  if  the  difference  were 
greater  or  less  in  any  given  proportion. 

JE,  What  is  the  reason  of  this,  papa  ? 

F.  It  depends  upon  two  principles,  with  which  you  are  now 
acquainted.  The  first  is,  that  fluids  press  equally  in  all  direc- 
tions ;  and  the  second  is,  that  action  and  reaction  are  equal  and 
contrary  to  each  other.*  The  water,  therefore,  below  the  fixed 
part  s/will  press  as  much  upwards  against  the  inner  surface, 
Dy  the  action  of  the  small  column,  as  it  would  by  a  column  of 
the  same  height,  and  of  any  other  diameter  whatsoever ;  and 
since  action  and  reaction  are  equal  and  contrary,  the  action 
against  the  inner  surface  b/wuI  cause  an  equal  reaction  of 
the  water  in  the  cavity  b/c  d  against  the  bottom  c;  conse- 
quently the  pressure  upon  the  bottom  of  the  first  figure  will  be 
as  great  as  it  wasiupon  the  same  part  of  the  second  (p.  156.). 

C  Can  you  prove  by  experiment  that  there  is  this  upward 
pressure  against  the  inner  surface  b  cff 

F,  Very  easily :  suppose  at  /  there  were  a  little  cork,  to 
which  a  small  string  was  fixed ;  I  might  place  a  tube  over  the 
cork,  and  then  draw  it  out^  the  consequence  of  which  would 
be,  that  the  water  in  the  vessel  would  force  itself  into  the  tube, 
and  stand  as  high  in  it  as  it  does  in  the  vessel.  Would  not 
this  experiment  prove  that  there  was  this  upward  pressure 
against  B/f 

C.  It  would ;  and  I  can  easily  conceive  that  if  other  tubes 
were  placed,  in  the  same  manner,  in  different  parts  of  b/,  the 
same  effect  would  be  produced. 

F.  Then  you  must  admit  that  the  action  against  b/*,  or, 

«  See  Mechanici,  ConverMtlon  XL 
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which  is  the  same  thing,  the  reaction  against  c,  that  is,  the 
pressure  of  the  water  against  the  bottom,  is  equally  as  great  as 
It  would  be  if  the  vessei  were  as  large  in  eyerr  part  as  it  is  at 
the  bottom,  and  the  water  stood  level  to  the  height  a  a. 

C  Yes,  I  do ;  because,  if  tubes  were  placed  in  every  part  of 
b/^  the  same  effect  would  be  produced  in  them  all,  as  in  the 
single  one  at^;  but,  if  the  wnole  surface  were  covered  with 
small  tubes,  there  would  then  be  little  or  no  difference  betweeu 
the  two  vessels.     See  Figs.  10.  and  11. 

F,  There  would  be  no  difference,  provided  you  kept  filling 
the  large  tube,  so  that  the  water  should  stand  in  them  all  at 
the  same  level  a  a.  Otherwise,  the  introduction  of  a  single 
tube  a  /,  would  make  a  material  difference  :  for  though  the 
water  in  a  c  would  overcome  the  weight  e,  yet  if  with  my  hand 
I  prevent  any  of  the  water  from  running  out  till  I  have  taken 
out  the  cork,  and  suffered  the  water  to  force  itself  out  of  the 
vessel  into  the  small  tube,  I  may  remove  my  hand  with  safety ; 
for  the  water  will  not  overcome  the  weight  now,  though  there 
is  certainly  the  same  quantity  of  water  in  it  as  there  was  before 
the  little  tube  a /was  inserted. 

jj^.  I  think  I  see  the  reason  of  this :  the  water  stood  as  high 
as  A  a  before  the  little  tube  was  introduced,  but  now  it  stands 
at  the  level  x  x ;  and  you  told  us  yesterday  that  the  pressures 
were  only  equal,  provided  the  perpendicvkir  heights  were  also 
eqtud, 

F,  I  am  glad  to  find  you  so  attentive  to  what  I  say.  In  order 
that  the  pressure  may  overcome  the  weight  e,  you  must  put  in 
more  water  till  it  rise  to  the  level  A  a,  and  now  you  see  the 
weight  rises,  and  the  water  flows  out. 

I  will  put  another  tube,  and  the  water  rushiqg  into  that  causes 
the  level  to  descend  again  to  x  x,  and  I  must  put  more  water  in 
to  bring  the  level  up  to  A  a  before  it  can  overcome  the  weight  e. 
What  I  have  shown  in  these  two  cases  will  hold  true  in  all,  sup- 
posing you  fill  the  cover  with  tubes. 

C,  I  see,  then,  that  it  is  the  difference  of  the  perpendicular 
heights  which  causes  the  difference  of  pressure,  and  can  now  fully 
comprehend  the  reason  why  a  pint  of  water  may  be  made  to 
balance  or  support  a  hogshead ;  or,  in  the  words  with  which  you 
set  out,  that  any  quantity  of  tvater^  however  smaU,  may  be  made 
to  balance  and  support  any  other  quantity^  however  large. 

F.  What  has  been  proved  with  regard  to  water,  may  be  shown 
to  hold  with  regard  to  wine,  or  oil,  or  any  other  fluid.  But  the 
experiment  will  not  answer  if  different  fluids  are  made  use  of^  as 
water  and  oil  together. 


HYDROSTATIC  BELLOWS. 


159 


CONVERSATION'  VI. 

Of  the  Hydrostatic  Bellows, 

F,  I  think  we  have  made  it  sufficiently  clear  that  the  pressure 
of  fluids  of  the  same  kind  is  always  proportional  to  the  area  of 
the  base  multiplied  into  the  perpendicular  height  at  which  the 
fluid  stands,  without  any  regard  to  the  form  of  the  vessel,  or  the 
quantity  of  fluid  contained  in  it. 

E,  But  it  still  appears  very  mysterious  to  me,  that  a  pint  of 
water  in  the  narrow  vessel  (Fig.  10.)  should  have  an  equal 
pressure  with  the  20  pints  in  the  next  vessel.  You  will  not  say 
that  one  pint  weighs  as  much  as  the  20. 

F.  Your  objection  is  proper.  The  pressure  of  the  water  upon 
the  bottom  c  c  does  not  in  the  least  alter  the  weight  of  the  vessel 
and  water  considered  as  one  mass ;  for  the  action  and  reaction 
which  cause  the  pressure^  destroy  one  another  with  respect  to 
the  weight  of  the  vessel,  which  is  as  much  sustained  by  the  action 
upwards  as  it  is  pressed  by  the  reaction  downwards. 

The  pressure  of  fluids  difiers  from  the  gravity  or  weight  in 
this  respect :  the  weight  is  according  to  the  quantity  ;  but  the; 
pressure  is  according  to  the  perpendicular  height, 

C.  Suppose  both  vessels  were  filled  with  any  solid  substance, 
would  the  effect  produced  be  very  different  ? 

F.  If  the  water  were  changed  into  ice,  for  instance,  the  pres- 
sure upon  the  bottom  of  the  smaller  vessel  would  be  much  less 
than  that  upon  the  larger. 

Here  is  another  instrument  to  show  you  that  a  very  few  ounces 
of  water  will  lift  up  and  sustain  a  large  weight. 

F,  What  is  the  instrument  called  f 

F.  It  is  made  like  common  bellows,  only  without  valves,  and 
writers  have  given  it  the  name  of  the 
hydrostatic  bellows.  This  small  tin  pipe 
e  op  communicates  with  the  inside  of  the 
bellows.  At  present  the  upper  and  lower 
board  are  kept  close  to  one  another  with 
the  weight  w.  Pour  this  half  pint  of 
water  into  the  tube. 

C.  It  has  separated  the    boards    and 
lifted  up  the  weight. 

F.  Thus  you  see  that  seven  or  eight 
ounces  of  water  have  raised  and  continue 
to  sustain  a  weight  of  56  lb.    By  diminish-  ^ 
ing  the  bore  of  the  pipe  and  increasing  its  jig.  u. 
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letigih,  the  same,  or  even  a  smaller,  quantitj  of  water  would 
raise  a  much  larger  weight. 

C.  How  do  you  find  the  weight  that  can  be  raised  bj  this 
small  Quantity  of  water? 

F,  Fill  the  bellows  with  water,  the  boards  of  which,  when  dis- 
tended, are  three  inches  asunder.  I  will  screw  in  the  pipe.  As 
there  is  no  pressure  upon  the  bellows,  the  water  stands  in  the 
pipe  at  the  same  level  with  that  in  the  bellows  at  z. 

Now  place  weights  on  the  upper  board  till  the  water  ascend 
exactly  to  the  top  of  the  pipe  e :  these  weights  express  the 
weight  of  a  pillar,  or  column  of  water,  the  base  of  whicn  is  equal 
to  the  area  of  the  lower  board  of  the  bellows,  and  the  height 
equal  to  the  distance  of  the  upper  board  from  the  top  of  the 

E,  Will  you  make  the  experiment  ? 

F,  Your  brother  shall  first  make  the  calculation. 
C  But  I  must  look  to  you  for  assistance. 

F.  You  will  require  very  little  of  my  help.  Measure  the 
diameter  of  the  bellows,  and  the  perpendicular  height  of  the  pipe 
from  the  upper  board. 

C  The  bellows  are  circular,  and  12  inches  in  diameter ;  the 
heitrht  of  the  pipe  is  36  inches. 

F.  Well :  you  have  to  find  the  solid  content  of  a  cvlinder  of 
these  dimensions ;  that  is,  the  area  of  the  base  multiplied  by  the 
height. 

C.  To  find  the  area  I  multiply  the  square  of  twelve  inches, 
that  is,  144,  by  the  decimals  '7854,  and  the  product  is  1 13  nearly, 
the  number  of  square  inches  in  the  area  of  the  bottom  board  of 
the  bellows.     And  113  multiplied  by  36  inches,  the  length  of 
the  pipe,  gives  4068,  the  number  of  cubic  inches  in  such  a  cy- 
linder ;  this  divided  by  1728  (the  number  of  cubic  inches  in  a 
cubic  foot)  leaves  a  quotient  of  2*3  cubic  feet,  the  solid  contents 
of  the  cylinder.     Still  I  have  not  the  weight  of  the  water. 

F,  The  weight  of  pure  water  is  equal  in  all  parts  of  the  known 
world,  and  a  cubical  foot  of  it  weighs  1000  ounces,  or  62^  pounds 
avoirdupois,  or  nearly  six-elevenths  of  a  hundred  weight. 

C,  Tnen  such  a  cylinder  of  water,  as  we  have  been  convers- 
ing about,  weighs  about  2300  ounces,  or  144  pounds  nearly. 

E,  Let  us  now  see  if  the  experiment  answers  to  Charles's 
calculation. 

F,  Put  the  weights  on  carefully,  or  you  will  dash  the  water 
out  at  the  top  of  the  pipe,  and  I  dare  say  that  you  will  find  the 
fact  agrees  with  the  theory. 

C,  If  instead  of  this  pipe  one  double  the  length  was  used, 
would  the  water  sustain  a  double  weight  ? 
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JP.  It  would ;  and  a  pipe  three  or  four  times  the  length  would 
sustain  three  or  four  times  greater  weights. 

C  Are  there  then  no  limits  to  this  kind  of  experiment,  except 
those  which  arise  from  the  difficulty  of  acquiring  length  in  the 
pipe? 

F,  The  bursting  of  the  bellows  would  soon  determine  the 
limit  of  the  experiment.  Dr.  Goldsmith  says,  that  he  once  saw 
a  strong  hogshead  split  by  this  means.  A  strong  small  tube 
made  of  tin,  about  ^0  feet  long,  was  cemented  into  the  bung- 
bole,  and  then  water  was  poured  in  to  fill  the  cask ;  when  it  was 
full  and  the  water  had  risen  to  within  about  a  foot  of  the  top  of 
the  tube,  the  vessel  burst  with  prodigious  force. 

E.  It  is  very  difficult  to  conceive  how  this  pressure  acts  with 
such  power. 

F»  The  water  at  o  is  pressed  with  &  force  proportional  to  the 
perpendicular  altitude  e  o;  this  pressure  is  communicated  hori- 
zontally in  the  direction  o  pq^  and  the  pressure  so  communicated 
acts,  as  you  know,  equally  in  all  directions :  the  pressure,  there- 
fore, downwards  upon  the  bottom  of  the  bellows  is  just  the  same 
as  it  would  be  if  jd  qnr  were  a  cylinder  of  water. 

The  experiment  made  on  the  bellows  might,  for  want  of  such 
instrument,  be  made  by  means  of  a  bladder  in  a  box  with  a 
movable  lid. 

E.  Has  this  property  of  Hydrostatics  been  applied  to  any 
practical  purposes  ? 

F,  The  knowledge  of  it  is  of  vast  importance  in  the  concerns 
of  life.  On  this  principle  a  press  of  immense  power  has  been 
formed,  which  we  shall  describe  (see  Conversation  XX),  after 
you  are  acquainted  with  the  nature  and  structure  of  valves,  and 
which  is  used  in  many  sea-port  towns  for  pressing  into  small 
compass  hay  and  other  commodities,  for  stowage  on  board  ship, 
but  which  in  their  natural  state  would  take  up  too  much  space. 
The  same  property  is  also  applied  to  proving  cables,  by  tearing 
them ;  and  to  the  pulling  up  of  trees. 


CONVERSATION  Vn. 
Of  the  Pressure  of  Fluids  against  the  Sides  of  Vessels. 

F,  Do  you  recollect,  Charles,  the  law  by  which  you  calculated 
the  accelerated  motion  of  falling  bodies  ?* 

C  Yes  :  the  space  described  mcreases  in  the  same  proportion 
as  the  odd  numbers  1,  3,  5,  7,  9,  &c. ;  that  is,  if  at  the  end  of 

•  See  Mechanic!,  Convenations  VII.  and  YUL 

M 
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one  Mcond  of  t'uue  the  badrliM  been  carried  throngli  BTeitical 
■nee  of  16  feet,  ihea  in  tlie  aeit  Kcoud  it  will  descend  tluee 
•—- »  16,  or  48  feet ;  in  the  third  It  will  defend  fire  tf—  "* 


P,  WdL  then,  wlat  I  am  goiag  to  tell  joii  will  tend  to  im- 
prCH  tlie  rule  (till  more  ilronglj  on  four  memory. 

The  preunrt:  of  fluids  against  the  aides  of  anj  tcsmI  inrrriiwi 
in  tJie  Mine  proportion,  and  ia  goTerneil  hj  the  same  lawi. 

SupiKue  a  b  e  dUybe  a  cubical  vessel  filled 

with  water  or  any  other  fluid,  and  one  of  the 

■ides  to  be  accurately  divided  into  any  number 

of  equal  parts  bjthe  line*  1,  7;  2,  8;  3,  9;  &e. 

y      Now  if  the  pressure  of  the  water  upon  tbe 

part  of  the  vessel  n  1  (  7  be  equal  to  an  ounce 

^  or  a  pound,  then  the  pressure  upon  the  part  1, 

2,  7,  8,  will  be  equal  to  three  ounces,  or  three 

pounds ;  and  the  pressure  upon  the  port  2,  3, 

rif.  IS.  8, 9,  will  be  equal  to  five  ounces  or  pounds,  and 

C.  Then  I  see  the  reason  wh^  tbe  other  part  of  the  rule  bold* 
true,  viz.  that  the  pressure  against  the  whole  side  must  var;  aa 
the  square  of  the  depth  of  the  vessel. 

F.  Expl«n  to  us  the  reason. 

C.  The  pressure  upon  the  fa-tt  part  being  1,  and  that  upon 
the  leeimd  3,  and  that  upon  t}ie  third  5  ;  then  the  pressure  upon 
the  first  and  second  taken  together  is  by  addition  4 ;  upon  the 
Ent,  second,  and  third  it  must  be  9 ;  and  upon  ike  first,  second, 
third  and  fourth,  it  will  be  16 :  but  4,  9,  16,  are  the  squares  of 
S,  3,  4. 

E.  And  the  pressure  upon  the  whole  side  ah  ed  must  be  36 
tiniei  greater  than  that  upon  the  small  part  a  1,  (  7. 

C  And  if  there  are  three  vessels,  for  instance,  of  equal  width, 
whose  depths  are  as  1, 2,  and  3,  the  pressure  against  the  side  of' 
the  second  will  be  four  times  greater  than  that  against  the  first; 
ftnd  the  pressure  against  the  ai  le  of  the  third  wiS  be  nine  times 
greater  than  that  against  the  first. 

P.  You  are  right ;  the  beautiful  simplicity  of  the  rule,  and  its 
being  the  same  by  which  the  accelerating  velocitj  of  falling 
bodies  is  governed,  will  moke  it  impossible  that  you  should  here- 
after forget  it. 

The  use  that  I  shall  hereafter  call  you  to  make  of  the  role, 
iaducei  me  to  put  a  question  to  Emma. 

Id  two  canals  of  equal  seclion,  one  5  feet  deep,  and  the  other 
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]  5,  what  difference  of  pressure  will  there  be  against  the  sides  of 
these  canals  ? 

E,  The  pressure  against  the  one  will  be  as  the  square  of  5, 
or  25 ;  that  against  the  other  will  be  as  the  square  of  15,  or 
225  ;  now  the  latter  number  divided  by  the  former  gives  9  as  a 
quotient,  which  shows  that  the  pressure  against  the  sides  of  the 
deep  canal  is  nine  times  greater  than  that  against  the  sides  of 
the  shallow  one. 

C.  You  have  explained  the  manner  of  estimating  the  pressiure 
of  fluids  against  the  sides  of  a  vessel ;  by  what  rule  are  we  to 
find  the  pressure  upon  the  bottom  ? 

F,  In  such  vessels,  that  is,  where  the  sides  are  perpendicular 
to  the  bottom,  and  the  bottom  parallel  to  the  horizon,  the  pre*' 
ture  will  be  equal  to  the  weight  of  the  fluid, 

£,  If  then  the  vessel  hold  an  imperial  gallon  of  water, 
which  weighs  ten  pounds,  and  if  the  bottom  were  made  movable, 
would  a  weight  of  ten  pounds  keep  the  water  in  the  vessel  P 

F,  It  would :  for  then  there  would  be  an  equilibrium  be- 
tween the  pressure  of  the  water  and  the  weignt.  And  the 
pressure  upon  any  one  side  is  equal  to  half  the  pressure  upon 
the  bottom ;  that  is,  provided  the  bottom  and  sides  are  equal  to 
one  another. 

C.  Pray,  sir,  explun  how  that  is  made  out. 

F.  The  pressure  upon  the  bottom  is,  as  we  have  shown, 
equal  to  the  weight  of  tlie  fluid.  But  we  have  also  shown  that 
the  pressure  on  the  sides  becomes  less  and  less  continually,  till 
at  the  surface  it  is  nothing.  Since,  then,  the  pressure  upon  the 
bottom  is  truly  represented  by  the  area  of  the  base  multiplied 
into  the  altitude  of  the  vessel,  the  pressure  upon  the  side  will 
be  represented  by  the  base  multiplied  into  hall*  the  altitude. 

E,  Is  the  pressure  upon  the  four  sides  equal  to  twice  the 
pressure  upon  the  bottom  ? 

F,  It  is ;  conseciuently,  the  pressure  of  any  fluid  upon  the 
bottom  and  four  sides  of  a  cubical  vessel  is  equal  to  three  times 
the  weight  of  the  fluid. 

Can  you,  Charles,  tell  me  the  difierence  between  the  weight 
and  the  pressure  of  a  conical  vessel  of  water  standing  on  its 
base? 

C,  The  weight  of  a  conical  vessel  of  any  fluid  is  found  by  mul- 
tiplying the  area  of  the  base  by  ^  of  its  height,  and  then  by  the 
specific  gravity  *  :  but  the  pressure  is  found  by  multiplying  the 


•  The  rule  for  finding  the  loUdity  of  a  cone  or  a  pynunid  li  thl«  :  — "  Multiply  the  i 
of  the  base  by  one  third  of  the  heightt  and  the  product  will  he  the  lolidity." —  See  Button '■ 
Of  Bonnycaatle't  Menraration  <  or,  an  "*  IntroduetkA  to  the  Arte  and  Sdenoef,"  i^  the 
author  of  ScusTirio  Dialooubs,  art.  Menturation, 
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base  bj  the  specific  grayity,  and  whole  height ;  therefore  the 
pressure  upon  the  base  will  be  equal  to  three  times  the  weight. 


CONVERSATION  VIIL 
Of  ike  Motion  of  Fluids, 

F,  We  will  now  consider  the  pressure  of  fluids  with  regard 
to  the  motion  of  them  through  spouting-pipes,  which  is  subject 
to  the  same  law. 

If  the  pipes  at  I  and  4  (fig.  13.  p.  162.)  will  \ye  equal  in  size 
and  length,  the  discharge  of  water  by  the  pipe  at  4  will  be 
double  that  at  1.  Because  the  velocity  with  which  water  spouts 
out  at  a  hole  in  the  side  or  bottom  of  a  vessel  is  as  the  square 
root  of  the  distance  of  the  hole  below  the  surface  of  the  water. 

JE,  I  remember  that  the  square  root  of  any  number  is  that . 
wliich,  being  multiplied  into  itself,  produces  the  said  number. 
Thus  the  square  root  of  1  is  1  ;  but  of  4  it  is  2  ;  of  9  it  is  3 ; 
of  16  it  is  4  ;  and  of  25  it  is  5  ;  and  so  on. 

C  Then  if  you  had  a  tall  vessel  of  water  with  a  cock  in- 
serted within  a  foot  of  the  top,  and  you  wbhed  to  draw  the 
liquor  off  three  times  faster  than  it  could  be  done  with  that, 
what  would  you  do  ? 

F.  I  might  take  another  cock  of  the  same  size,  and  insert  it 
into  the  barrel  at  nine  feet  distance  from  the  surface,  and  the 
thing  required  would  be  done. 

JE,  is  this  the  reason  why  water  runs  so  slowly  out  of  the 
cistern  when  it  is  nearly  empty,  in  comparison  of  what  it  does 
when  the  cistern  is  just  full  ? 

F.  It  is ;  because  the  more  water  tbere  is  in  the  cistern,  the 
greater  the  pressure  upon  the  part  where  the  cock  b  inserted ; 
and  the  greater  the  pressure,  the  greater  the  velocity,  and  conse-^ 
quentlv  the  greater  the  quantity  of  water  that  is  drawn  off  in  the 
same  time. 

In  some  large  barrels  there  are  two  holes  for  cocks,  the  one 
about  the  middle  of  the  cask,  the  other  at  the  bottom :  now  if, 
when  the  vessel  is  full,  you  draw  the  beer  or  wine  from  boih 
cocks  at  once,  you  will  find  that  the  lower  one  gives  out  the 
liquor  much  the  faster. 

C,  In  what  proportion  ? 

F,  As  the  square  root  of  2  is  greater  than  that  of  1 ;  that  is, 
while  you  have  a  quart  from  the  upper  cock,  nearly  three  pints 
would  run  from  the  lower  one,  provided  the  vessel  were  fiuL 

F,  Are  we  then  to  understand  that  the  pressure  against  the 
side  of  a  vessel  increases  in  proportion  to  the  square  of  the  depth  ; 
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but  the  velocity  of  a  spottUng  pipe,  which  depends  upon  the  pres- 
sure at  the  orifice  itself,  increases  only  as  the  square  root  of  the 
depth? 

F,  That  is  the  proper  distinction. 

C,  Is  not  the  velocity  of  water,  running  out  of  a  vessel  that 
empties  itself,  continually  decreasing  ? 

F.  Certainly :  because,  in  proportion  to  the  quantity  drawn 
ofi*,  the  surface  descends,  ana  consequently  the  perpendicular 
depths  become  less  and  less. 

The  spaces  described  by  the  descending  surface,  in  equal  pro- 
portions of  time,  are  as  the  odd  numbers  1,  3, 5,  7,  9,  &c.,  taken 
backwards. 

F.  If  the  height  of  a  vessel  filled  with  any  fluid  be  divided 
into  25  parts,  and  in  a  given  space  of  time,  as  a  minute,  the  sur- 
face descend  through  nine  of  those  parts,  will  it,  in  the  next 
minute,  descend  through  seven  of  those  parts,  in  the  third  minute 
five,  in  the  fourth  three,  and  in  the  fifth  one  ? 

F.  This  is  the  law,  and  from  it  have  been  invented  ctepsydree, 
or  water-clocks,  which  were  to  a  certain  extent  used  before 
the  invention  of  clocks  and  watches,  and  even  now  are  found 
at  times  serviceable;  as  for  instance  at  the  Observatory  in 
Liverpool,  where  a  water-clock  is  used  to  give  regular  motion 
to  the  equatorial  telescope,  so  that  the  same  star  is  continued  in 
the  field  of  the  telescope,  notwithstanding  the  movement  of  the 
earth  on  its  axis  ? 

C,  How  are  water-clocks  constructed? 

F,  Take  a  cylindrical  vessel,  and  having  ascertained  the  time 
it  will  require  to  empty  itself,  then  divide,  by  lines,  the  surface 
into  portions,  which  are  to  one  another  as  the  odd  numbers  1, 
3,  5,  7,  &c. 

E,  Suppose  the  vessel  require  six  hours  to  empty  itself,  how 
must  it  be  divided  ? 

F,  It  must  be  first  divided  into  36  equal  parts ;  then,  begin- 
ning from  the  surface,  take  eleven  of  those  parts  for  the  first 
hour,  nine  for  the  second,  seven  for  the  third,  five  for  the  fourth, 
three  for  the  fifth,  and  one  for  the  sixth,  and  you  will  find  that 
the  surface  of  the  water  will  descend  regularly  through  each  of 
those  divisions  in  an  hour. 

I  believe  both  of  you  have  seen  the  locks  that  are  constructed 
on  the  river  Lea  ? 

C.  Yes ;  and  I  have  wondered  why  the  floodgates  were  made 
of  such  an  enormous  thickness. 

F.  But  after  what  you  have  heard  respecting  the  pressure  of 
fluids,  you  will  see  the  necessity  there  is  for  the  great  strength 
employed. 
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C.  I  do ;  for  sometimes  the  height  of  the  water  is  20  or  80 
times  frreater  on  one  side  of  the  jrates  than  it  is  on  the  other* 
therefore  the  pressure  will  be  400  or  even  900  times  greater 
against  one  side  than  it  is  against  the  other. 

And  I  also  can  well  conceive  that  there  was  good  reason  for 
the  destructive  violence,  with  which  the  water  escaped  from  the 
Holmfirth  reservoirs,  and  also  from  those  near  Burj  in  Lanca- 
shire, during  this  year.  And  I  am  not  at  all  sur]»ised  at  the 
wreck  and  ruin  that  occurred  at  Cbamouni,  and,  on  a  greater  or 
less  scale,  throughout  England  and  the  Continent  of  Europe,  — 
from  the  unprecedented  rains  of  the  memorable  autumn  of  1S52» 

E,  How  are  the  gates  opened  when  such  a  weight  presses 
against  them  ? 

F.  There  is  scarcely  any  power  by  which  they  could  be  moved 
when  this  weight  of  water  is  against  them ;  therefore  there  are 
sluices  by  the  side,  which,  being  drawn  up,  the  water  gets  away 
and  passes  into  the  basin  till  it  becomes  level  on  both  sides ; 
then  the  gates  are  opened  with  the  greatest  ease,  because  the 
pressure  being  equal  on  both  sides,  a  small  force  applied  will  be 
sufficient  to  overcome  the  friction  of  the  hinges,  or  other  trifling 
obstacles. 

C.  Is  it  this  great  pressure  that  sometimes  beats  down  the 
banks  of  rivers  ? 

F,  It  is ;  for  if  the  banks  of  a  river  or  canal  do  not  increase 
in  strength  in  the  proportion  of  the  square  of  the  depth,  they 
cannot  stand.  Sometimes  the  water  m  a  river  will  insinuate 
itself  through  the  bank  near  the  bottom ;  and  if  the  weifirht  of 
the  bank  be  not  equal  to  that  of  the  water,  it  will  assnredly  be 
torn  up,  perhaps  with  great  violence. 

I  will  make  the  matter  clear  by  a  drawing.     Suppose  this 

figure  be  a  section  of  a  river, 
and  c  a  crevice  or  drain  made 
by  time  under  the  bank  g; 
by  what  we  have  shown  be- 
fore, the  upward  pressure  of 
the  water  in  that  drain  is 
equal  to  the  downward  pres- 
sure of  the  water  in  the  nver ; 
therefore,  if  that  part  of  the 
bank  be  not  as  heavy  as. a 
Fif-i*-  column  of  water  the  same 

height  and  width,  it  must  be  torn  up  by  the  force  of  the  pres* 
sure, 

C.  Is  there  no  method  of  securing  leaks  that  happen  in  thei 
embankments  of  rivers  ? 
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F,  The  only  method  is  that  called  puddling.  If  n  be  the  bank 
of  a  canal  in  which  a  leak  is  discovered,  the  water  must  be  first 
drawn  ofi*  before  the  leak,  and  a  trench  18  or  20  inches  wide 
dug  lengthwise  along  the  side  of  the  canal,  and  deeper  than  the 
bottom  of  the  canal :  this  is  filled,  by  a  little  at  a  time,  with  clay 
or  loam  reduced  into  a  semi-fluid  state  by  mixing  it  with  water : 
when  the  first  layer,  which  is  seldom  above  six  or  eight  inches 
deep,  is  nearly  dry,  another  is  worked  in  the  same  manner  till 
the  whole  is  filled.  By  this  means,  if  the  operation  be  per- 
formed by  skilful  hands,  and  time  be  allowed  for  all  the  parts, 
to  dry  and  cohere,  the  bank  becomes  strong  and  impenetrable. 
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CONVERSATION  IX. 
Of  the  Motion  of  Fluids, 

F,  I  will  now  show  you  an  experiment,  by  which  you  will  ob^ 
serve  the  uniformity  of  Nature's  operations  in  regard  to  spout- 
ing fluids.  Let  a  b  represent  a 
tall  vessel  of  water,  kept  full 
during  the  experiments.  From 
the  centre  of  this  vessel  I  have 
drawn  a  semicircle,  the  diameter 
of  which  is  the  height  of  the 
vessel  A  B.  I  have  drawn  three 
lines  perpendicular  to  the  vessel, 
d  2  from  the  centre  of  the  vessel ; 
c  1,  a  5,  at  equal  distances  from 
the  centre,  the  one  above  and 
the  other  below  it.  By  taking 
out  the  plug  from  the  centre,  ** 

you  will  see  that  the  water  spouts  to  m.  Take  your  compasses 
and  you  will  find  that  the  distance  n  m  is  exactly  double  the 
length  of  £?  2.  I  will  now  stop  this  plug  and  open  the  next 
below. 

C.  The  water  reaches  to  k,  which  is  double  the  length  of  a. 5, 

F,  Try  in  the  same  manner  the  pipe  c. 

C.  It  falls  at  the  same  spot  k,  as  it  did  from  the  lower  one. 

F.  Because  the  lines  c  1  and  a  5  being  equally  distant  from 
the  centre  of  the  semicircle,  they  are  equal  to  one  another. 

F.  Then  n  k  is  the  double  of  c  1  as  well  as  of  a  5. 

F.  It  is.  The  general  rule  deduced  from  these  experimentSf 
is  that  the  horizontal  distance  to  which  a  fluid  will  spout  from 
a  horizontal  pipe,  in  any  part  of  the  side  of  an  upright  vessel 
below  the  surface  of  the  fluid,  is  equal  to  twice  the  length  of  a^ 
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perpendicular  to  the  side  of  the  vessel,  drawn  from  the  moaih 
of  the  pipe  to  a  semicircle  described  upon  the  altitude  of  the 
TesseL 

Can  ^ou,  Charles,  tell  me  in  what  part  the  pipe  should  be 
placed,  m  order  that  the  fluid  should  spout  the  farthest  possible? 

C.  In  the  centre :  for  the  line  d  2  seems  to  be  the  greatest  of 
all  the  lines  that  can  be  drawn  from  the  vessel  to  Uie  curved 
line. 

F,  Tes,  it  is  demonstrable  bj  geometry  that  this  is  the  case; 
and  that  lines  at  equal  distances  from  the  centre,  above  and 
below,  are  also  equal  to  each  other. 

E,  Then,  in  alt  cases,  if  pipes  are  placed  equally  distant  frmn 
the  centre,  they  will  spout  to  the  same  point  r 

F,  They  will.  Instead  of  horizontal  pipes,  I  will  fix  three 
others  near  n,  which  shall  point  obliquely  upwards  at  different 
angles;  one  at  22^  3(K,  the  second  at  45^,  and  the  third  at 
67"  3(y,  and  you  will  see  that,  when  I  open  the  cocks,  the  water 
will  cut  the  curve  line  nearly,  but  not  accurately,  in  tibose  purts 
to  which  the  horizontal  lines  were  drawn. 

C  That  which  spouts  from  the  centre  is  thrown  to  the  point 
V,  as  it  was  from  the  centre  horizontal  pipe.  The  two  others 
fall  on  the  point  k,  on  which  the  upper  and  lower  horizontal 
pipes  ejected  the  stream. 

E.  I  thought  the  water  from  the  upper  cock  did  not  reach  so 
high  as  the  mark. 

F,  It  did  not.  The  reason  is,  that  it  had  to  pass  through  a 
larger  body  of  air,  and  the  resistance  from  that  retarded  the 
water,  and  prevented  it  from  ascending  to  the  point  to  which  it 
would  have  ascended  if  the  air  had  been  taken  away. 

While  we  are  on  this  subject,  I  will  just  mention,  that  as  you 
see  the  water-spouts  the  farthest  when  the  pipe  is  elevated  to 
an  angle  of  45  ,  so  a  gun,  cannon,  &c.  will  project  a  bullet  the 
farthest,  if  it  be  elevated  to  an  angle  of  45**. 

C  Will  a  cannon  carry  a  ball  to  equal  distances  if  it  be  ele- 
vated at  angles  equally  distant  from  45^,  the  one  above  and  the 
other  below  ? 

F,  It  will,  in  theory :  but  owing  to  the  great  resistance  which 
very  swift  motions  meet  with  from  the  air,  there  must  be  allow- 
ances made  for  some  considerable  variation  between  theory  and 
practice. 

A  regard  to  this  will  explain  the  reason  why  water  will  not 
rise  so  high  in  a  jet  as  it  does  in  a  tube. 

E,  I  do  not  know  what  this  means. 

F,  Turn  to  the  figure  in  p.  155 ;  the  water  in  the  small  tube 
rises  to  a  level  with  that  in  the  larger  one ;  now,  if  the  tube  h  g 
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were  broken  off  at  t,  the  water  would  spout  up  like  a  fountain, 
but  not  so  high  as  it  stands  in  the  tube,  perhaps  no  higher  than 
to  d, 

C,  Is  that  owing  wholly  to  the  resistance  of  the  ur  ? 

F.  It  is  to  be  ascribed  to  the  resistance  which  the  water 
meets  with  from  the  air,  and  to  the  force  of  gravity,  which  has 
a  tendency  to  retard  the  motion  of  the  stream. 

JE.  Why  do  fountains  sometimes  play  higher  and  sometimes 
lower  ? 

F,  There  is  a  reservoir  of  water,  from  which  a  pipe  commu- 
nicates with  the  jet  in  the  fountain ;  and  according  as  the  water 
in  the  reservoir  is  higher  or  lower,  the  height  to  which  the 
fountain  plays  is  regulated. 

From  what  you  have  already  learnt  on  this  subject,  you  will 
be  able  to  know  how  London  and  other  places  are  supplied 
with  water. 

C,  London  is,  I  believe,  partly  supplied  from  the  New 
River,  but  I  do  not  know  in  what  manner. 

F.  The  New  River  is  a  stream  of  water  that  comes  from 
Ware,  in  Hertfordshire;  it  runs  into  a  reservoir  situated  on 
the  high  ground  near  Islington.  From  this  reservoir  pipes  are 
laid  into  those  parts  of  town  that  have  their  water  from  the 
New  River,  and  through  these  pipes  the  wat-er  flows  into  cis- 
terns belonging  to  different  houses. 

F,  Then  the  reservoir  in  Islington  must  be  higher  than  the 
cisterns  in  London. 

F.  Certainly ;  because  water  will  not  rise  above  its  level. 
Thus  you  see  that  water  may  be  carried  to  any  distance,  and 
houses,  on  different  sides  of  a  deep  valley,  may  be  supplied  by 
water  from  the  same  spring-head.  You  must  remember  that  if 
the  valleys  are  very  deep,  the  pipes  must  be  exceedingly  strong 
near  the  bottom,  because  the  pressure  increases  in  the  rapid 
proportion  of  the  odd  numbers,  1,  3,  5,  7,  &c.,  and  therefore, 
unless  the  strength  of  the  wood  or  iron  be  increased  in  the  same 
proportion,  the  pipes  will  be  continually  bursting. 

F.  Tou  told  me  the  other  day  that  the  large  mound  of 
earth,  for  it  appears  nothing  else,  near  the  end  of  Tottenham 
Court  Road,  was  intended  as  a  reservoir  for  the  New  River. 

F,  What  appears  to  you,  and  others  who  pass  by  it,  only  as 
a  mound  of  earth,  is  an  exceedingly  large  basin,  capable  of  con- 
taining a  great  many  thousand  hogsheads  of  water. 

C,  How  do  they  get  the  water  into  it  ? 

F,  At  Islington,  near  the  New  River  Head,  is  made  a  large 
reservoir  upon  some  very  high  ground;*  into  which,  by  means  of 
a  steam-engine,  they  constantly  throw  water  from  tiie  New 
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Biver.  This  reservoir  being  higher  than  that  ia  Tottenham 
Court  Road,  nothing  more  is  necessary  than  to  lay  pipes  fnun 
Islington  to  that  place,  in  order  to  keep  it  constantly  full  of 
■water. 

By  this  contrivance  the  New  River  Company  are  able  to 
extend  their  business  to  other  |>arts  of  London,  to  which  their 
previous  head  of  water  could  not  reach. 

C.  The  weight  of  water  in  this  place  must  be  immensely 
great 

F,  It  must ;  and  therefore  you  observe  what  a  thickness  the 
mound  of  earth  against  the  wall  is  at  the  bottom,  and  that  it 
diminishes  towards  the  top  as  the  pressure  becomes  less  and 
less. 

E,  Would  not  the  consequences  be  very  serious  if  the  water 
were  to  insinuate  itself  through  the  earth  at  the  bottom  P 

F,  If  such  an  accident  were  to  happen  when  the  reservoir 
was  full  of  water,  it  would  probably  tear  up  the  works,  and  do 
incredible  mischief.  To  prevent  this,  the  vast  bank  of  earth  is 
sloped  within  as  well  as  without ;  it  is  then  covered  with  a 
strong  coating  of  clay;  after  this  it  is  built  up  with  a  very 
thick  brick  wall,  which  is  carefully  tarrassed  over,  so  that  the 
whole  mass  is  ais  firm  and  compact  as  a  glass  bottle. 

C  I  see,  then,  that  to  get  water  to  run  above  its  original 
level,  some  other  pressure  besides  its  own  must  be  added. 

F.  Yes  ;  but  there  is  a  case  in  which  momentum  acts  the  part 
of  this  other  pressure — in  the  hydraulic  ram.  This  instrument 
is  so  constructed  that  the  escape  of  the  water  is  suddenly  cut 
ofi*:  the  momentum  cannot  be  annihilated  in  a  moment,  and 
therefore  exercises  itself  against  the  sides  of  the  tube.  If  a 
small  orifice  is  at  this  instant  opened  in  the  latter,  the  water 
will  leap  beyond  the  level  of  the  original  reservoir ;  as,  for 
instance,  a  column  of  water  from  a  source  20  ft.  high  may 
mount  to  a  cistern  150  ft.  high,  but  for  one  gallon  raised, 
eleven  are  wasted.  This  waste,  in  many  cases,  is  a  matter  of 
no  importance.  The  machine  consists  of  a  closed  rectangular 
vessel,  with  an  exit-pipe  leading  to  an  air-vessel,  and  another 
to  the  cistern,  and  each  furnished  with  a  valve.  The  pressure 
of  the  water  is  equal  to  the  area  of  the  pipe  and  the  height  of 
the  fall,  and  it  closes  the  valve  of  the  cistern-pipe,  and  enters 
the  air-vessel  and  compresses  the  air.  The  valves  now  alter-* 
nate :  the  opened  one  is  closed  by  the  reaction  of  the  com- 
pressed air,  and  the  closed  one  opens;  and  the  elasticity  of  the 
air,  in  the  act  of  expanding,  forces  the  water  up  to  the  cistern 
very  much  on  the  same  principle  that  the  compressed  air 
operates  in  a  fire-engine. 
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CONVERSATION  X. 
Of  the  Specific  Gravities  of  Bodies, 

E,  Wliat  is  the  reason,  papa,  that  some  bodies,  as  lead  or 
iron,  sink  in  water,  while  others,  as  wood,  swim  ? 

F.  Those  bodies  that  are  heavier  than  water  will  sink  in  it, 
but  those  that  are  lighter  will  swim. 

E.  I  do  not  quite  comprehend  your  meaning;  a  pound  of 
wood,  another  of  water,  and  another  of  lead,  are  all  equally 
heavy.  For  Charles  played  me  a  trick  the  other  day  :  he  sud- 
denly asked  which  was  heavier,  a  pound  of  lead  or  a  pound  pf 
feathers  ?  I  said  the  lead,  and  Charles  laughed  at  me,  and  said 
that  both  were  the  same,  and,  of  course,  so  they  were ;  for  a 
pound  is  a  pound,  whether  it  be  of  lead  or  of  feathers. 

F,  But,  Emma  dear,  suppose  you  and  I  have  our  laugh  at 
Charles,  and  tell  him  that  a  pound  of  feathers  is  actually  heavier 
than  a  pound  of  lead.  > 

C  No,  papa,  vou  are  joking ;  it  cannot  be. 

F,  But  it  IS ;  for  the  pound  of  feathers  is  much  larger  in  bulk, 
and  is  sujsported  by  a  much  larger  bulk  of  the  fluid,  namely,  air, 
in  which  it  is  weighed,  and  you  will  find  that  if  you  compress  a 
pound  of  feathers  into  a  very  small  bulk,  they  would  weigh  more 
than  a  pound,  and  so  would  outweigh  the  lead.  But  you  will 
understand  this  better  as  we  go  on.  Do  you  know  how  much 
water  goes  to  a  pound  ? 

C  Yes,  about  a  pint. 

F,  Do  you  think  that  a  pint  of  lead  would  weigh  a  pound 
only? 

C,  Oh  no ;  that  would  weigh  a  great  deal  more.  I  do  not 
believe  that  the  14  pounds  weight  below  stairs  is  much  larger 
than  a  pint  measure. 

F,  Yes  it  is,  by  about  a  fourth  part :  the  same  measure  that 
contains  one  pound  of  water  would,  however,  contain  upwards 
of  11  pounds  of  lead;  but  it  would  contain  nearly  14  pounds 
of  quicksilver,  which,  you  know,  I  could  as  easily  pour  into  the 
vessel  as  if  it  were  water. 

Here  are  two  cups  of  equal  size :  fill  the  one  with  water,  and 
I  will  fill  the  other  with  quicksilver.  Take  the  cups  in  your 
hand ;  which  is  the  heavier  ? 

C.  The  quicksilver  by  much. 

F,  But  the  two  cups  are  of  equal  size, 

E,  Then  there  must  be  equal  quantities  of  water  and  quick-* 
silver. 

F,  They  are  equal  in  bulk. 
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C  But  verj  uneqiuil  in  wei^t :  shall  I  try  how  modi  heaTier 
the  one  is  ttum  the  other  ? 

F,  If  joa  please.  In  what  manner  will  joa  ascertain  the 
matter? 

C  I  will  pour  the  quicksilrer  first  into  the  scale  and  wei^ 
it;  afterwartls  do  the  same  with  the  water;  and  divide  the 
former  by  the  latter ;  will  not  that  gire  the  resolt  ? 

F.  Tes,  it  will :  or  jou  maj  make  the  experiment  in  this 
method: 

Here  is  a  smaU  phial,  that  weighs,  now  it  is  emptj,  an  ounce; 
fill  it  with  pure  rain  water,  and  the  weight  of  the  whole  is  two 
ounces. 

C  Then  it  contains  one  ounce  of  water. 

F.  Pour  out  the  water,  and  let  it  be  well  dried  both  widiin 
and  without :  fill  it  now  very  accuratelj  with«quickailTer,  and 
we^h  it  again. 

E.  It  weighs  nearly  15  ounces :  but,  as  the  bottle  wdghs  one 
ounce,  the  quicksilver  weighs  nearly  14  ounces. 

F,  What  do  you  infer  from  this,  Charles  ? 

C  That  the  quicksilTcr  is  nearly  14  times  heavier  than 
water. 

F,  I  will  now  pour  away  the  quicksilver,  and  fill  the  phial 
with  pure  spirits  of  wine,  or,  as  the  chemists  call  it,  with  alcohoL 

E,  It  does  not  weigh  two  ounces  now ;  consequently^,  the 
fiuid  does  not  weigh  an  ounce.  The  alcohol  is,  tnen,  fighter 
than  the  water. 

F,  By  these  means,  which  you  cannot  fail  of  understanding, 
we  have  obtained  the  comparative  weights  of  three  fluids :  philo- 
sophers, as  I  have  before  told  you,  call  these  comparative  weights 
the  specific  gravities  of  the  fluids :  they  have  agreed  also  to 
make  pure  rain  water  the  standard  to  which  they  refer  the 
comparative  weights  of  all  other  bodies,  whether  solid  or  fluid. 

C  Is  there  any  particular  reason  why  they  prefer  water  to 
every  other  substance  ? 

F,  1  told  you  a  few  days  ago,  that  rain  water,  if  very  pure, 
is  of  the  same  weight  in  all  parts  of  the  world ;  and,  what  is 
very  remarkable,  a  cubic  foot  of  it  weighs  exactly  a  thousand 
ounces  avoirdupois :  on  these  accounts  it  is  admirabl^r  adapted 
for  a  standard,  because  you  can  at  once  tell  the  weight  of  a 
cubic  foot  of  any  other  substance,  if  you  know  its  specific 
gravity. 

E,  Then  a  cubic  foot  of  quicksilver  weighs  nearly  14,000 
ounces. 

F,  Yes ;  it  will  weigh  13,596  ounces ;  and  a  cubic  foot  of  lead 
will  weigh  11,350  ounces. 
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CONVERSATION  XL 
Of  the  Specific  Gravities  of  bodies, 

F,  You  now  understand  that  the  specific  gravities  of  different 
bodies  depend  upon  their  density,  and  that  water  is  made  use 
of  as  a  medium  to  discover  the  different  specific  gravities  of 
different  bodies  ;  and  also  as  a  standard,  to  which  tliej  may  be 
all  referred. 

Here  are  three  pieces  of  different  kinds  of  wood,  which  I  will 
put  into  this  vessel  of  water :  one  sinks  to  the  bottom  ;  a  second 
remains  in  any  position  of  the  water  in  which  it  is  placed ;  and 
the  third  swims  on  the  water  with  more  than  half  of  the  sub- 
stance above  its  surface. 

C  The  first,  then,  is  heavier  than  the  water ;  the  second  is 
of  the  same  weight  with  an  equal  bulk  of  the  fluid ;  and  the  third 
is  lighter. 

jP.  Since  fluids  press  in  all  directions,  a  solid  that  is  immersed 
in  water  sustains  a  pressure  on  all  sides,  which  is  increased  in 
proportion  to  the  height  of  the  fluid  above  the  solid. 

E.  That  seems  natural,  but  an  experiment  would  fix 
it  better  in  the  mind. 

F.  Tie  a  leathern  bag  to  the  end  of  a  glass  tube,  and 
pour  in  some  quicksilver.  Dip  the  bag  in  water,  and  the 
upward  pressure  of  the  fluid  will  raise  the  quicksilver  in 
the  tube,  the  ascent  of  which  will  be  higher  or  lower  in 
proportion  to  the  height  of  the  water  above  the  bag. 

E.  I  now  understand  that,  the  upper  part  of  the  tube 
being  empty,  or,  at  least,  only  filled  with  air,  the  upward     ^*  ^' 
pressure  of  the  water  against  the  bag  must  be  greater  than  the 
downward  pressure  of  the  air ;  and  that,  as  the  pressure  increases 
according  to  the  depth,  therefore  the  mercury  must  keep  rising 
in  the  tube. 

What  is  the  reason  that  a  body  heavier  than  water,  as  a  stone, 
sinks  to  the  bottom,  if  the  pressure  upwards  is  always  equal  to 
that  downwards  ? 

F,  This  is  a  very  proper  (juestion.  The  stone  endeavours  to 
descend  by  the  force  of  gravity ;  but  it  cannot  descend  without 
moving  away  as  much  of  the  water  as  is  equal  to  the  bulk  of 
the  stone  ;  therefore  it  is  resisted,  or  pressed  upwards,  by  a  force 
equal  to  the  weight  of  as  much  water  as  is  equal  in  inagnitude 
to  the  bulk  of  the  stone ;  but  the  weight  of  the  water  is  less 
than  that  of  the  stone,  consequently  the  force  pressing  against 
it  upwards  is  less  than  its  tendency  downwards,  and  therefore 
it  will  sink  with  the  difference  of  these  two  forces. 
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Yoa  wQl  now  be  at  no  loss  to  andnsUnd  the  reason  why  bodies 
lighter  than  water  swim. 

C.  The  water  bein*'  heavier,  the  force  upwards  is  greater  than 
the  natural  gravitj  or  the  bodj,  and  it  will  be  buojed  up  by  the 
difference  of  the  forces. 

F.  Bodies  of  this  kind,  then,  will  sink  in  water,  till  so  much 
of  them  is  below  the  surface,  that  a  bulk  of  water,  equal  to  the 
bulk  of  the  part  of  the  body  below  the  sur&ce,  is  of  a  weight 
equal  to  the  weight  of  the  whole  bodjr. 

E,  Will  jou  explain  this  more  particularly  ? 

F.  Suppose  the  body  to  be  a  piece  of  wood,  part  of  which  will 
be  above,  and  part  below  the  surface  of  the  water :  in  this  state 
conceive  the  wood  to  be  frozen  into  the  water. 

C  I  understand  you ;  if  the  wood  be  taken  out  of  the  ice,  a 
racuity  will  be  left,  and  the  quantity  of  water  that  is  required 
to  fill  that  vacuity  will  weigh  as  much  as  the  whole  substance 
of  the  wood. 

F.  That  was  what  I  meant  to  have  sud. 
There  is  one  case  remaining :  where  equal  bulks  of  the  water 
and  the  wood  are  of  the  same  weight,  the  force  with 
which  the  wood  endeavours  to  descend,  and  the 
force  that  opposes  it,  being  equal  to  one  another, 
and  acting  in  contrary  directions,  the  body  will  rest 
between  them,  so  as  neither  to  sink  by  its  own 
weight,  nor  to  ascend  by  the  upward  pressure  of 
the  water. 

E,  What  is  the  meaning  of  this  glass  jar  with 
the  images  in  it  ? 

F.  I  placed  it  on  the  table  in  order  to  illustrate 
our  subject  to-day.  You  observe  that,  by  press- 
ing the  bladder  with  my  hand,  the  three  images  all 

^  *^-     sink. 

E.  But  not  at  the  same  moment. 

F»  The  images  are  made  of  glass,  and  of  about  the  same  specific 
gravity  with  the  water  surrounding  them,  or  perhaps  rather  leas 
than  it,  and  consequently  they  all  float  near  the  surface.  Ther 
are  hollow,  with  little  holes  in  the  feet.  When  the  air,  which 
lies  between  the  bladder  and  the  surface  of  the  water,  is  pressed 
by  my  hand,  there  is  a  pressure  on  the  water  which  is  commu- 
nicated through  it,  and  that  part  of  it  which  lies  contiguous  to 
the  feet  of  the  images  will  be  forced  into  their  bodies.  By  which 
their  weight  is  so  much  increased  as  to  render  them  heayier 
than  the  water,  and  they  descend. 

C   \Vhy  do  they  not  all  descend  to  the  same  depths  ? 

P.  Because  4he  hollow  part  of  the  image  s  is  lai^r  than  the 
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hollow  part  of  d,  and  that  is  larger  than  that  of  c ;  consequently 
the  same  pressure  will  force  more  water  into  e  than  into  d,  and 
more  into  d  than  into  c. 

E,  Why  do  they  begin  to  ascend  now  you  have  taken  your 
hand  away  ? 

F,  I  said  the  hollow  parts  of  the  images  were  emptjr,  which 
was  not  quite  correct :  they  were  full  of  air,  which,  as  it  could 
not  escape,  was  compressed  into  a  smaller  space  when  the  water 
was  forced  in  by  the  pressure  upon  the  bladder.  But  as  soon 
as  the  pressure  is  removed,  the  air  in  the  images  expands,  drives 
out  the  water,  and  they  become  as  light  as  at  first,  and  will 
therefore  rise  to  the  surface. 

C.  The  images,  in  rising  up  to  the  surface,  turned  round. 

F.  This  circular  motion  is  owing  to  the  hole  being  on  one 
side ;  and  when  the  pressure  is  taken  off,  the  water  issuing  out 
quickly  is  resisted  by  the  water  in  the  vessel,  and  the  reaction 
being  exerted  on  one  foot,  turns  the  figure  round. 


CONVERSATION  Xn.     •< 
Of  (he  Methods  of  finding  the  Specific  Gravity  of  Bodies, 

E.  What  are  you  going  to  weigh  with  these  scales  ? 

F.  This    instrument    is  o 

L 


as^ 


called  the  hydrostatical  ba- 
lance ;  it  differs  but  little 
from  the  balance  in  common 
use.  Some  instruments  of 
this  kind  are  more  compli- 
cated, but  the  most  simple 
are  best  adapted  to  my  pur- 
pose. 

To  the  beam  two  scale- 
pans  are  adjusted,  which 
may  be  taken  off  at  pleasure. 
There  is  also  another  pan  of 
equal  weight  with  one  of  the 
oUiers,  furnished  with  shorter  strings  and  a  small  hook,  so  that 
any  body  may  be  hung  to  it,  and  then  immersed  in  the  .vessel  of 
water  b. 

C  Is  it  by  means  of  this  instrument  that  you  find  the  specific 
gravity  of  different  bodies  ? 

F,  It  is  :  I  will  first  give  you  the  rule,  and  then  illustrate  it 
by  experiments.    The  rule  should  be  committed  to  memory. 


Fig.  18. 
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**  Weigh  tbe  bodj  first  in  air,  that  is.  in  the  oommon  mellMid; 
then  wei;?h  it  in  water ;  ob^orre  how  much  weight  it  loses  hf 
being  weighed  in  water ;  aorl,  bj  diTiding  the  former  weight  bf 
the  UMS  sustained,  the  result  is  its  spe^fic  graritj,  oompima 
with  that  of  the  water.*" 

I  wiil  giTe  jou  an  example.  I  take  a  Queen  Yicioriji  aore- 
reign  from  mv  purse :  it  happens  to  be  a  little  worn ;  but  nener 
mind,  it  will  do.  I  suspend  it  by  a  hair  to  the  hook  at  the  bottoni 
of  the  pan,  and  find  it  weighs  12*2^  jn?.  We  will  now  place  a 
tumbler  beneath,  so  that  it  hangs  withinside  the  tumbler,  and 
carefullj  pour  in  water,  till  it  is  submerged.  I  now  find  it 
lighter,  and  must  remove  7  grains  to  make  it  balance ;  it  wogfat 
only  115J  grs. 

C.  Then  if  I  diyide  122}  by  7, 1  haye  a  little  more  than  17| 
for  the  specific  gravity. 

E,  Tben  that  sovereign  is  about  17^  times  heayier  than 
water. 

F,  Had  our  sovereign  been  new,  it  would  have  weighed 
123*274  grs.,  or  a  little  more  than  123}  ;  and  had  we  weighed 
U)  tenths  instend  of  to  quarters  of  a  grain,  we  should  have  found 
it  ha/1  h>8t  7*18  grs.,  and  that  its  specific  gravity  was  17*157, 
or  nearly  17^. 

E.  I  do  not  understand  the  reason  of  all  this. 

F.  In  this  scale  is  a  basin  filled  accurately  to  the  brim  with 
water.  I  will  put  a  piece  of  mahogany  into  it  very  gently ;  any- 
thing else  would  answer  the  same  purpose. 

JS,  The  water  runs  over  into  the  scale. 

F.  So  I  expected  it  would :  now  everything  is  at  rest,  and 
the  basin  is  just  as  full  as  it  was  at  first,  only  that  the  wood  and 
water  together  fill  the  basin,  whereas  it  was  all  water  before.  I 
will  take  away  the  basin,  and  put  the  mahogany  by  itself  into 
the  other  scale. 

F.  It  balances  the  water  that  ran  out  of  tbe  basin. 

C.  The  mahogany  then  displaced  a  quantity  of  water  equal 
to  itself  in  weight. 

F.  And  so  did  the  sovereign  just  now ;  and  if  you  had  taken 
the  same  precaution,  you  would  have  found  that  the  quantity 
of  water,  equal  in  bulk  to  the  sovereign,  weighed  7  grams,  the 
weight  which  it  lost  by  being  weighed  in  the  fluid. 

F,  Am  I  to  understand,  uiat  what  any  substance  loses  of  its 
weight,  by  being  immersed  in  water,  is  equal  to  tbe  weight  of  a 
(^antity  of  water  of  the  same  bulk  as  the  substance  itself? 

F,  This  is  true,  if  the  body  be  wholly  immersed  in  water ; 
and  with  regard  to  all  substances  that  are  specifically  heavier 
than  water,  you  may  take  it  as  an  axiom,  that  **  every  body, 
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when  immersed  in  water,  loses  as  much  of  its  weight  as  is  equal 
to  the  weight  of  a  bulk  of  water  of  the  same  magnitude." 

I  will  now  place  this'empty  box  in  the  basin  fiUed  to  the  edge 
with  water,  and,  as  before,  it  drives  over  a  quantity  of  the  fluid 
equal  in  weight  to  itself.  Put  in  two  penny-pieces,  and  you 
perceive  the  box  sinks  deeper  into  the  water. 

C  And  they  drive  more  water  over :  as  much,  I  suppose,  as 
is  equal  in  weight  to  the  copper  coin. 

F,  Ki^ht :  how  long  could  you  go  on  loading  the  box  ? 

C  TiD  the  weight  of  the  copper  and  box,  taken  together,  is 
something  greater  than  the  weignt  of  as  much  water  as  is  equal 
in  bulk  to  the  box. 

F,  You  understand,  then,  the  reason  why  boats,  barges,  and 
other  vessels,  swim  on  water;  and  to  what  extent  you  may 
load  them  wiUi  safety. 

F,  They  will  swim  so  long  as  the  weight  of  the  vessel  and 
its  lading  together  is  less  than  that  of  a  quantity  of  water  equal 
in  bulk  to  the  vessel. 

F,  Can  you,  Charles,  devise  any  method  to  make  iron  or  lead 
swim,  which  are  so  much  heavier  Uian  water  ? 

C  I  think  I  can.  If  the  metal  be  beat  out  very  thin,  and 
the  edges  turned  up,  I  can  easily  conceive  that  a  box  or  a  boat 
of  it  may  be  made  to  swim. 

E.  I  have  oflen  wondered  how  the  ball  in  the  cistern  acts. 
^  F,  The  ball,  though  made  of  copper,  which  is  eight  or  nine 
times  heavier  than  water,  is  beat  out  so  thin,  that  its  bulk  is 
much  lighter  than  an  equal  bulk  of  wat^.  Bv  means  of  a 
handle  it  is  fastened  to  the  cock,  through  which  the  water 
flows,  and  as  it  sinks  (nt  rises,  it  opens  or  shuts  the  cock. 

If  the  cistern  is  empty,  the  ball  hangs  down  and  the  cock  i$ 
open,  to  admit  the  water  freely.  As  the  water  rises  in  the 
cistern  it  reaches  the  ball,  which,  being  lighter  than  the  water, 
rises  with  it,  and,  by  rising  gradually,  shuts  the  cock,  and,  if  it 
be  properly  placed,  it  is  contrived  to  shut  the  cock  just  at  the 
moment  that  the  cistern  is  full. 

In  the  same  way  that  these  balls  are  made,  boats  of  iron  are 
now  constructed.  They  will  last  longer  than  wood,  and  cause 
less  friction  in  passing  through  the  water. 

Iron  vessels  are  very  frequently  constructed  now ;  many 
small  ones  are  well  known  on  the  Thames ;  some  of  a  larger 
class  voyage  from  Folkstone  and  Dover  to  Boulogne  and 
Calais  respectively  ;  but  the  largest  that  has  been  constructed 
is  the  Great  Britain  steam-ship,  which  has  more  than  once 
made  the  voyage  to  America. 
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Cm  jOQ,  Emma,  find  the  fpecific  gnyitj  of  tliis  piece  of 
iilTer? 

J?.  It  weighs  in  lir  318  grains.  I  now  fasten  it  to  the  hook 
with  the  horsehair,  and  it  weighs  in  water  288  grains,  wlucb, 
taken  from  318,  leaTe  30,  the  weight  it  lost  in  water.  Bj 
diriding  318  bj  30,  the  quotient  is  about  10|^;  conseqnentlj, 
the  specific  graTit  j  of  the  silTer  is  ten  and  a  half  times  greater 
than  that  ofwater. 

F.  What  is  the  specific  graTitj  of  this  piece  of  flint-glass  ? 
It  weighs  12  pennyweights  m  air. 

C  And  in  water  it  w  eighs  only  8,  and  consequently  loses  4 
bj  immersion;  and  12  divided  by  4  gives  3;  therefore,  the 
specific  gravity  of  flint-glass  is  3  times  greater  than  that  of 
water. 

F,  This  is  not  the  case  with  all  flint-glass ;  it  Taries  from  2 
to  almost  4. 

iHere  is  an  ounce  of  quicksilver;  let  me  know  its 
specific  gravity  by  the  method  now  proposed. 
IE,  How  will  you  manage  that  ?  you  cannot  hang  it 
upon  the  balance. 

F.  But  you  may  suspend  this  glass  bucket  on  this 
hook  ;  immerse  it  in  the  water,  and  then  balance  it 
exactly  with  weights  in  the  opposite  scale. 

I  will  now  put  into  the  bucket  the  ounce  or  480 
grains  of  quicksilver,  and  see  how  much  it  loses  in 


SL    water. 


^  C  It  weighs  445  grains,  and  consec[uently  it  lost  35 

iif.19.  grains  by  immersion;   and  480  divided  by   35   ^Te 
almost  14,  so  that  mercury  is  nearly  14  times  heayier 
than  water. 

F,  In  the  same  manner  we  obt^n  the  specific  gravity  of  all 
bodies  that  consist  of  small  fragments.  They  must  be  put  into 
the  glass  bucket  and  weighed ;  and  then,  if  from  the  weight  of 
the  bucket  and  body  in  the  fluid  you  subtract  the  weight  of 
the  bucket,  there  remains  the  weight  of  the  body  in  the  fluid. 

E,  ^Vhy  do  you  make  use  of  horsehair  to  suspend  the  sub- 
stances with  ?  would  not  silk  or  thread  do  as  well  ? 

F,  Horsehair  is  by  much  the  best,  for  it  is  very  nearly  of  the 
same  specific  gravity  as  water;  and  its  substance  is  of  such  a 
nature  as  not  to  imbibe  moisture. 
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CONVERSATION  XHIJ 
Of  the  Methods  of  finding  the  Specific  Chavities  of  Bodies. 

C.  How  am  I  to  find  out  the  specific  gravity  of  this  piece  of 
beech-wood  ?  it  will  not  sink  in  uie  water. 

F.  A  little  consideration  will  show  you  how  to  contrive 
means  to  sink  the  beech,  by  joining  a  piece  of  lead  or  other 
metal  to  it,  for  instance.  It  weighs  660  grains ;  I  will  annex 
to  it  an  ounce  or  480  grains  of  tin,  which  I  know  in  water  loses 
of  its  weight  51  grains.  In  air,  therefore,  the  weight  of  the 
wood  and  metal  taken  together  is  1140  grains;  but  in  water 
you  see  they  weigh  but  138  grains :  138  taken  from  1140  leave 
1002,  the  difierence  between  the  weights  in  idr  apd  in  water. 
^C,  I  now  see  the  mode  of  finding  what  I  want.  The  whole 
mass  loses  1002  grains  hy  immersion,  and  the  tin  by  itself  lost 
in  water  51  grains;  therefore  the  wood  lost  951  grains  of  its 
weight  by  immersion ;  and  660  grains,  the  weight  of  the  beech 
in  air,  divided  by  951,  which  it  may  be  said  to  lose  by  immer- 
sion, leaves  in  decimals  for  a  quotient  *694. 

F.  Then  making  water,  the  standard,  equal  to  1,  the  beech 
is  '694,  or  nearly  -^ths  of  1 4  that  is,  the  specific  gravity  of  a 
cubic  foot  of  water  is  to  that  of  a  cubic  foot  of  beech  as  1000  to 
694 ;  for  the  one  weighs  1000  ounces,  and  the  other  694  ounces. 

F.  It  seems  odd  how  a  piece  of  wood  that  weiglui  about  660 
grains  in  air,  should  lose  of  its  weight  951  grains. 

F.  You  must,  in  this  case,  consider  the  weisht  necessary  to 
make  it  sink  in  water,  which  must  be  added  to  Uie  weight  of  the 
wood. 

I  will  now  endeavour  to  make  the  subject  easier  by  a  different 
method. 

This  small  piece  of  elm  a,  I  will  place  between 
the  tongs,  that  are  nicely  balanced  on  the  beam^ 
The  elm  weighs  36  grains.  To  detain  it  under 
water  I  must  hang  24  grains  to  the  end  of  the  lever 
on  which  the  tongs  are  fixed ;  then,  by  the  Rule  of 
Three,  I  say,  as  the  specific  gravity  of  the  elm  is  to 
the  specific  gravity  of  the  water,  so  isd6,  the  weight 
of  the  elm,  to  60,  the  weight  of  the  elm  and  the  ad- 
ditional weight  required  to  sink  it  in  water,  or  as  ^ig-  20. 
60 :  36,  so  is  the  specific  gravity  of  the  water  to  the  specific 
gravity  of  the  elm. 

F.  X  ou  have  not  obtained  the  specific  gravity  of  the  elm,  but 
a  proportion  only. 

C  But  three  terms  are  given,  because  the  water  is  always 
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consulerefl  u  unitj  or  1,  therefore  the  specific  grayitj  of  the 
elm  u  36  X  1     ^ 

"60"='^ 

E,  I  do  Dot  jet  comprehend  the  reason  of  the  proportion  as- 
fumed. 

F.  It  is  Tcrj  simple.  The  elm  is  lighter  than  the  water,  bat 
bj  han;rin^  weights  to  the  side  of  the  balance,  to  which  tt  b  at- 
iMcht^l,  in  order  to  detain  it  just  under  water,  I  make  the  whole 
exactl  J  ef|ual  to  the  specific  gra^it  j  of  the  water ;  br  this  means 
it  is  evident,  that  the  comparative  gravitj  of  the  elm  is  to  that 
of  the  water  as  96  to  60. 

Try  this  piece  of  cork  in  the  same  manner. 

^.  It  weighs  ^  an  ounce,  or  240  grains,  in  air ;  and  to  detain 
the  cork  and  tongs  just  under  water,  I  am  obliged  to  hang  S 
ounces,  or  960  grains,  of  lead  on  the  lever ;  therefore  the  spe- 
cific gravity  of  the  cork  is  to  that  of  the  water  as  240  is  to  1200  ; 
and  240  divided  by  1200  gives  the  decimal  '2. 

F,  Then  the  specific  gravity  of  water  is  5  times  greater  than 
that  of  cork. 

C  We  have  accordingly  obtained  the  specific  gravities  of 
water,  liecch,  elm,  and  cork,  which  are  as  1,  '7  nearly,  *6,  and  "2. 

F,  You  now  understand  the  methods  of  obtaining  the  specific 
gravity  of  all  solids,  whether  lighter  or  heavier  than  water.  In 
making  experiments  upon  light  and  porous  woods,  the  operations 
must  \}*i  performed  as  quickly  as  possible,  to  prevent  the  water 
from  getting  into  the  pores. 

C.  And  you  have  likewise  shown  us  a  method  of  getting  the 
specific  gravities  of  fluids,  by  weighing  certain  quantities  of 
each. 

F,  I  have  a  still  better  method ;  the  rule  I  will  give  in  words: 
you  shall  illustrate  it  by  examples. 

*'  If  the  same  body  be  weighed  in  different  fluids,  the  speeifie 
gravity  of  tl^  fluids  will  be  as  the  weights  lost** 


unmersHm 
the 

specific  gravity  of  water  is  to  that  of  milk  as  803  to  881.  Now 
a  cubical  foot  of  water  weighs  1000  ounces :  what  will  be  the 
weight  of  the  same  quantity  of  milk  f 

1000x831 

E.  As  803  :  831 ::  1000  : ^ — =1035  ounces  nearly. 

F.  Do  you,  Charles,  tell  me  what  is  the  specific  gravity  of 
some  spirits  of  wine  which  I  have  in  this  phial. 

C,  The  glass  loses  in  water  803  grains,  in  the  spirits  of  wine 
it  loses  699  grains,  therefore  the  specific  gravity  of  water  is  to 
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the  spirit  as  803  is  to  699 ;  and  to  find  the  weight  of  a  cubical 

foot  of  the  spirit,  I  say,  as 

1000x699 
803 :  699 : :  1000 : g^^ =870  ounces. 

There  is  another  very  elegant  method.  A  very  thin  glass 
bottle  is  prepared,  and  into  it  is  poured  exactly  1000  grains  of 
distilled  water,  and  the  height  it  reaches  is  marked  on  Uie  neck]; 
a  piece  of  lead  is  made  to  counterpoise  the  bottle,  when  thus 
filled.  If  the  bottle  is  now  filled  up  to  the  mark  with  any  other 
liquid  heavier  than  water,  the  number  of  extra  grains  added  to 
1000  gives  the  specific  gravity  of  the  liquid ;  for  instance,  if 
sulphuric  acid  were  weighed,  it  would  require  845  additional 
grains,  so  that  its  specific  gravity  would  be  1845.  For  lighter 
Squids,  as  alcohol,  &c.,  the  weights  must  be  put  in  with  the 
bottle,  and  subtracted  from  a  thousand.  If  alcohol  were  weighed^ 
about  200  grains  must  be  added,  which  will  make  its  specific 
gravity  800. 

F,  1  ou  may  now  deduce  the  method  of  comparing  the 
specific  gravities  of  solids  one  witli  another  without  making  a 
common  standard. 

Here  is  an  ounce  of  lead  and  another  of  tin :  I  may  weigh 
them  in  any  fluid  whatever :  in  water  the  lead  loses  by  immer- 
sion 42  grains,  and  the  tin  63  grains. 

E,  Is  the  specific  gravity  of  the  lead  to  that  ofiihe  tin  as  42 
to  63  ? 

F,  No :  "  the  specific  gravities  of  bodies  are  to  one  another 
inversely  as  the  losses  of  weight  sustained:*'  therefore  the 
specific  ^avity  of  the  lead  is  to  diat  of  the  tin  as  63  to  42  ;  or, 
if  a  block  of  lead  weighs  63  pounds,  the  same  sized  block  of  tin 
will  weigh  42  pounds  only.  • 

C  I  think  I  see  the  reason  of  this :  the  heavier  the  body, 
the  less  in  proportion  it  loses  of  its  weisht  by  immersion  ;  there- 
fore, of  two  bodies  whose  absolute  weights  are  the  same,  that  is, 
each  weighing  an  ounce,  pound,  &c.,  uie  one  which  loses  least 
of  its  weight  will  be  specifically  the  heaviest. 

F,  You  are  right ;  for  the  specific  gravity  of  bodies  is  as 
their  density,  and  their  densities  are  inversely  as  the  weights 
they  lose  by  immersion ;  that  is,  the  body  which  is  most  dense 
will  lose  the  least  in  water. 

E»  Why  does  the  more  dense  body  lose  less  of  its  weight 
when  immersed  in  water  ? 

F,  Because  it  displaces  the  least  quantity  of  water :  thus  an 
ounce  of  copper  would  occupy  seven  or  eight  times  less  space 
than  an  ounce  of  wood ;  and  would,  of  course,  displace  seven  or 
eight  times  less  water. 
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CONVERSATION  XIV. 
Ofikt  MtihodM  ofoUaimng  the  Specific  Chwrity  of  Bodies, 

E,  To  whom  are  we  indebted  for  the  discoyerj  of  the  mode 
of  performing  these  operations  ? 

P.  To  that  most  celebrated  mathematician  of  antiquity, 
Archimedes. 

C  Was  he  not  slain  by  a  common  soldier  at  the  si^e  of 
Syracuse? 

F,  He  was,  to  the  great  grief  of  Marcellus,  the  Roman  com- 
mander, who  had  ordered  that  his  house  and  person  should  be 
respected ;  but,  as  Livy  says,  he  was  slain  by  a  soldierj  not 
knowing  who  he  was,  while  he  was  describing  mathematical  dia« 
grams  on  the  ground ;  that  the  Roman  commander  gave  him  a 
magnificent  funeral,  and  made  his  name  a  protection  and  honour 
to  Siose  who  could  claim  a  relationship  to  him.  The  deatib  of 
Archimedes  happened  m(»re  than  200  years  before  the  birth  of 
Christ.  His  celebrity  was  so  great  among  the  literati  of  Rome, 
that  his  tragical  end  caused  more  real  sorrow  than  the  capture  of 
the  whole  island  of  Sicily  did  joy. 

.  We  are  informed  by  nistory,  that  it  was  by  the  wisdom  of  Ar« 
chimedes  that  the  fate  of  Syracuse  was  long  suspended :  by  his 
inventions,  multitudes  of  the  Roman  army  were  lulled,  and  their 
ships  destroyed ;  and  it  is  added,  that  he  made  use  of  burning 

f  lasses,  which,  at  the  distance  of  some  hundreds  of  yards,  set  the 
Loman  vessels  on  fire. 

But  to  return  to  our  subject.  To  Archimedes,  the  world  is 
indebted  for  the  discovery,  **  That  every  body  heavier  than  its 
bulk  of  wat^  loses  so  much  of  its  weight  by  being  suspended  in 
wat«r,  as  is  equal  to  the  weight  of  a  quantity  of  water  equal  to 
its  bulk." 

E.  H«w  did  he  make  the  discovery  ? 

F,  Hiero,  king  of  Syracuse,  had  given  to  a  jeweller  a  certain 
quantity  of  pure  gold,  to  make  a  crown  for  him.  The  monarch, 
when  he  saw  the  crown,  suspected  the  artist  of  having  kept  back 
part  of  the  gold. 

E.  Why  did  he  not  weigh  it  ? 

F»  He  did,  and  found  the    weight  right :  but  he  suspected 
perhaps  from  the  colour  of  the  crown,  that  some  baser  metal 
nad  been  mixed  with  the  gold,  and  therefore,  though  he  had  • 
his  weight,  yet  only  a  part  of  it  was  gold,  the  rest  was  silver  or 
copper.    He  applied  to  Archimedes  to  investigate  the  fraud. 

.  C.  Did  he  melt  the  crown,  and  endeavour  to  separate  the 
metals  P 
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F,  That  would ^not  have  answered  Hiero*8  intentions:  his 
object  was  to  detect  the  roguery,  if  any,  without  destroying  the 
workmanship.  While  the  philosopher  was  intent  upon  the  pro- 
blem, he  went,  according  to  his  custom,  into  the  bath,  and  he 
observed  that  a  quantity  of  water  flowed  over,  which  he  thought 
must  be  equal  to  the  bulk  of  his  own  body.  He  instantly  saw 
the  solution  of  Hiero's  problem.  In  raptures  at  the  discovery 
he  is  said  to  have  leaped  from  the  water,  and  run  naked  througa 
the  streets  of  the  city,  shouting  aloud  '£v/[)i7Ka !  ^^vpr\Ka  \  ^^  I 
have  found  it  out !   I  have  found  it  out !  ** 

When  the  excess  of  his  joy  was  abated,  he  took  two  masses, 
one  of  gold,  and  the  other  of  silver,  each  equal  in  weight  to  the 
crown,  and  having  filled  a  vessel  very  accurately  with  water, 
into  which  he  first  dipped  the  silver  mass,  and  observed  the 

Suantity  of  water  that  flowed  over,  he  then  did  the  same  with 
le  gold,  and  found  that  a  less  quantity  of  water  had  flowed 
over  than  before. 

C  And  he  was,  firom  these  trials,  led  to  conclude,  that  the 
bulk  of  the  silver  was  greater  than  that  of  the  gold  ? 

F*  He  was ;  and  also  that  the  bulk  of  water  displaced  was, 
in  each  experiment,  equal  to  the  bulk  of  the  metal.  He  then 
made  the  same  trial  with  the  crown,  and  found  that  though  of 
the  same  weight  with  the  masses  of  silver  and  gold,  vet  it  dis- 
placed more  water  than  the  gold,  and  less  than  the  silver. 

E,  Accordingly  he  concluded,  I  imagine,  that  it  was  neither 
pure  gold  nor  pure  silver. 

C  But  how  could  he  discover  the  proportions  of  each  metal  ? 

F,  I  believe  we  have  no  other  facts  to  carry  us  farther  into 
the  history  of  this  interesting  experiment.  But  to-morrow  I 
will  endeavour  to  explain  and  illustrate  the  matter. 


CONVERSATION  XV. 

On  the  Method  of  obtaining  the  Specific  Gravity  of  Bodies,  — 

Table  of  Specific  Gravities. 

F,  Before  we  commence  conversation  on  the  subject  of  alloys 
which  I  promised  to  take  up  this  evening,,  I  must  not  omit  to 
tell  you  that  metals  are  rarely  mixed  or  alloyed  without  the 
compounds  taking  to  themselves  a  new  specific  gravity,  diflering 
from  that  which  would  have  been  deduced  by  calculation  from 
the  relative  proportions  of  each  metal.  For  instance,  the  alloys 
of  gold  with  zinc,  ftn,  bismuth,  or  antimony,  have  a  greater  spe- 
eific  gravity  than  the  mean  of  the  metals  forming  the  alloy ;  the 
alloys  of  gold  with  silver^  iron,  lead,  or  copper^  have  a  less  spe** 
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cific  gravity  than  would  be  given  by  calculation.  As  an  ex- 
ample, the  true  specific  gravity  of  standard  gold,  which  contains 
11  parts  ^old  and  1  part  copper,  is  17*157 ;  its  calculated  spe- 
cific gravity  is  17*68. 

C  If  you  are  ffood  enough  to  tell  me  how  you  calculate  the 
Bpecific  gravity  of  the  alloy  called  standard  gold,  I  shall  be  able 
to  calculate  ouier  mixtures  and  alloys. 

JP.  Let  the  mass  of  standard  gold  consist  of  1200  grains,  of 
which  1100  will  be  sold  and  100  copper.  Divide  the  1100 
grains  of  gold  by  19*26,  which  is  the  specific  gravity  of  cast  gold, 
and  you  obtain  57*11  grains,  lost  by  the  gold  in  water.  Divide 
the  100  grains  of  copper  by  8*85,  the  specific  gravity  of  cast 
copper,  and  you  obtain  11*29  grains,  lost  by  the  copper  in 
'  water. 

C.  I  can  now  go  on.  I  add  the  two  losses  together,  and  ob- 
tain 68*4  ffrains  lost  by  the  gold  and  copper  together.  And  as 
they  weigh  in  all  1200  OTains,  I  divide  tnis  by  68*4,  and  obtain 
17*68,  the  specific  gravity  you  have  given  us. 

F,  Bearing  in  mind,  therefore,  the  facts,  that  alloys  have  a 
density  either  greater  or  less  than  would  accurately  represent 
the  proportions  of  the  constituent  metals,  you  will  understand 
that,  although  the  specific  ^avity  will  give  a  very  close  approxi- 
mation to  the  amount  of  inferior  metal,  mixed  with  gold  or 
silver  in  base  coin,  yet  it  will  not  give  you  a  philosophiculy  true 
result. 

C.  Since  we  last  met,  I  have  weighed  the  bad  sovereign  that 
mamma  took  in  change  last  winter,  and  find  it  loses  8  grains  in 
water.  Presuming  it  to  be  adulterated  with  silver,  as  our  tutor 
suspects,  how  am  i  to  discover  how  much  silver  is  there  in  place 
of  gold?  It  weighs  in  air  123*274  grains. 

F,  The  rule  is  this: — "Find  what  a  good  sovereign  would 
lose  in  water ;  find  what  an  equal  weight  of  silver  would  lose  in 
water;  subtract  the  former  from  the  grains  lost  by  the  base 
sovereign,  which  will  give  the  ratio  or  proportion  of  the  silver ; 
subtract  the  loss  of  the  base  coin  from  the  loss  of  the  silver 
mass,  which  gives  the  ratio  or  proportion  of  gold." 

C.  In  our  last  conversation,  we  found  that  a  good  sovereign 
lost  7*18  grains.  I  have  already  said  the  base  coin  lost  8  grains; 
and  I  can  easily  find  the  loss  of  a  silver  sovereign  weighing 
123*274  grains,  if  you  will  be  good  enough  to  tell  me  the  spe- 
cific gravity  of  silver. 

F.  I  have  here  a  table  of  specific  gravities,  in  which  you  will 
find  10*3  the  specific  gravity  of  standard  silver. 

a  I  find  that  123*274,  divided  by  10*3,  is  11*96  grains,  the 
los9  in  water  of  the  silver. 
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F,  I  will  put  these  figures  before  you  in  order,  showing  the 
subtraction  required :  — 

Loss  in  water  of  the  base  sovereign        -        8 
„  ,         „  good  „  -        7-18 

Difierence  =  proportion  of  silver      -  '82    J 

Loss  in  water  of  a  mass  of  silver    -        -     11*96 
„  „  base  sovereign  -        -      8 

Difierence  ==  proportion  of  gold         -  3*96 

Sum  of  ratios        -        -  4*78 

J,  But  this  gives  us  only  the  ratio  or  proportion  of  silver  and 
gold,  but  not  the  actual  quantity. 

F,  A  very  simple  rule  of  proportion  will  give  it.  As  the  sum 
of  the  ratios  is  to  either  the  silver  or  the  gold  ratio,  so  is  the 
total  weight  of  the  coin  to  the  proportion  of  silver  pr  gold. 

C.  I  have  it :  — 

As  4-78  :  -82 : :  123-274 :  2M4gr. 

The  sovereign,  therefore,  contains  21|  grains  of  silver. 

F,  A  shilling  weighs  87'272  grains,  so  that  the  silver  used  for 
adulteration  is  worth  about  33. ;  but  as  a  good  sovereign  is 
worth  240(/.,  the  gold  is  worth  about  2d  per  grain,  which  gives 
42£?.  as  the  value  of  the  gold  that  has  been  abstracted :  the  dif- 
ference is  39e/.,  or  3«.  3a.  So  that  your  mamma's  sovereign  is 
only  worth  16«.  9(i.  Now  suppose  the  sovereign  had  been 
adulterated  with  copper,  can  you  tell  me,  Charles,  what  it  would 
have  been  worth  ? 

C  By  dividing  123*274  grains  by  8*85,  the  specific  gravity 
of  copper,  I  obtain.  13*92  grains.  I  will  now  imitate  your  cal- 
culation, using  copper  for  silver : 

Loss  in  water  of  base  sovereign      -        -      8 
„  „         good       „  -        -      7*18 


Difference  «=  proportion'of  copper 
Loss  in  water  of  mass  of  copper 
„  „        base  sovereign 


Sum  of  the  ratios  -        -        -         6*74 

I  then  take  the  proportion : — 

As  6*74  :  '82 ::  123*274  :  14*9  grs.    . 


„ 

•82 

-     13-92 

8 

5-92 
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So  that  about  15  grains  of  copper  are  in  place  of  gold ;  the 
soTereiorn,  therefore,  is  worth  2s.  6d,  less,  or  17 s.  6d. 

F,  You  are  right 

The  following  tables  sbow  the  specific  graviUes  of  Tarious 
bodies,  water  bSng  taken  as  1. 

Liquids. 

-  -715     Sea  Water         -        -     1-026 

-  '792    Nitric    acid    of  corn- 


Sulphuric  ether  - 
Absolute  alcoh(d  - 
Naphtha     - 
Essence  of  turpentine 
Olive  oil      - 
Bordeaux  wine 
Disthuu)  Watse 


Lignum  vitse 
Heart  of  oak 
Box    - 
Beech 
Ash    - 
Yew  - 


Antimony  - 
Zinc 

Cast-iron  - 
Tin  - 
Lron  - 
Steel 

Manganese 
Cast  cc^per 
Rolled  cc^per 
Bismuth    - 


Fine  charcoal 
Oak  - 
Walnut 
Ice     - 
Amber 
Coal   - 
Alum- 
Saltpetre 
Sulphur 
Salt   - 


•847  merce              -        -     1*220 

•869  Sulphuret  of  carbon   -    1-268 

'915  Sulphuric    acid,    con- 

•994  centrated        -        -     1'841 

1-000  Mercury             -        •  13*596 

Woods. 

1-330  Elm           ...       -800 

1-170  Yellow  fir-        -        -      '657 

-910  Lime         ...      -^04 

•852  Cedar        ...      -561 

•845  Poplar       ...       -388 

•807  Cork          ...      -240 

Metals. 

6-720  Standard  silver   (11-1 

7-190  8ilver+-9  copper)  -  10*300 

7-200  Cast  silver          -        -  10470 

7-291  Lead         ...  11-350 

7-788  Mercury    ...  13*596 

7-810  Standard  gold  (1 1  gold 

8-010  +1  copper)    -        -  17.-15r 

8-850  Cast  gold  ...  19*260 

8*950  Forged  gold       -        -  19*360 

9-822  Flatmum  -        -        .  21*530 
Rolled  platinum          -  22*060 

SUNDSIBS. 

•333  Sevres  porcelain  -        «•  2^310 

•421  China  porcelain   -        -  2*380 

•625  Graphite     -        -        -  2*500 

*865  Flint  ....  2*600 

1-080  Granite       ...  2*050 

1-250  Coral  ....  2*680 

1*700  Alabaster    -        .        •  2^700 

1*930  Emerald      ...  2*700 

2*085  Marble        -        •        .  2*720 

2*100  Iceland  spar        -        •  2^723 
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SuNDSiBS  —  continued. 

Pearls          -  -  -  2-750  Topaz          -        -  -  3-500 

Granite  (dense)  -  -  2-750  Diamond     -        -  -  3-500 

Jasper         -  -  -  2-800  Diamond  (dense)  -  3530 

Slate  -        -  -  -  2-810  Sapphire     -        -  -  3-990 

Slate  (dense)  -  -  2-850  Garnet  (dense)    -  -  4-240 

Lime  -        -  -  -  3150  Ruby           -        -  -  4280 

Flint-glass  -  -  -  3-330  White  lead-        -  -  6-300 

Garnet        -  -  -  3*350  Brass           -        -  -  8*300 

Malachite    -  .  -  3*500  Bronze        ...  8*950 

Gases,  Air  being  taken  as  1. 
Hydrogen   -         -        -     -069     Oxygen       -        -        -  1'106 
Carburetted  hydrogen  -    '555    Carlwnic  acid      -        -  1*529 
Air     -        -        -        -  1-000 

£.  There  is  a  silver  cream-jug  in  the  parlour ;  I  have  heard 
mamma  say,  she  did  not  think  it  was  real  silver :  how  could  she 
find  out  whether  she  has  been  imposed  on  ? 

F.  Go  and  fetch  it:    We  will  now  weigh  it. 

JS.  It  weighs  5^  ounces;  but  I  must  weigh  it  in  water,  and  it 
has  lost  in  the  water  10^  pennyweights ;  and  dividing  5^  ounces, 
or  1 10  pennyweights,  by  lOJ,  I  get  for  answer  10*7,  the  specific 
gravity  of  tne  jug. 

F,  Then  there  is  no  cause  for  comjdaint,  for  the  specific  gra- 
vity of  good  wrought  silver  is  seldom  more  than  this. 


CONVERSATION  XVI. 
Of  the  Hydrometer, 

F,  Before  I  describe  the  construction  and  uses  of  the  hydro- 
meter, I  will  show  you  an  experiment  or  two.  You  know  that 
wine  is  specifically  lighter  than  water,  and  the  lighter  body  will 
always  be  uppermost.  I  have  filled  the  bulb  b  with 
port  wine  to  the  top  of  the  narrow  stem  x,  I  now  fill 
A  with  water. 

E,  The  wine  is  gradually  ascending  like  a  fine  red 
thread  through  the  water  to  its  surface. 

F,  And  so  it  will  continue  till  the  water  and  wine 
have  changed  places. 

C,  I  wonder  the  two  liquids  do  not  mix,  as  wine 
and  wat^  do  in  a  common  drinking  glass. 

F,  It  is  the  narrowness  of  the  stem  x  which  pre-       ^'  ^*' 
vents  the  admixture :  in  time,  however,  this  would  be  efiected, 
because  water  and  wine  have  what  the  chemists  call  an  attraction 
for  each  other. 
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Here  is  a  small  bottle  b,  with  a  neck  three  inches  long, 

I      and  about  one  sixth  ofan  inch  wide;  it  is  full  of  red  winew 

I      I  will  now  place  it  at  the  bottom  of  a  jar  of  water,  a  few 

^L    inches  deeper  than  the  bottle  is  high.    The  wine,  joa 

^B  observe,  is  ascending  through  the  water. 

^^       £,  This  is  a  verj  prettj  experiment :  the  wine  rises  in 

a  small  column  to  the  sur&ce  of  the  water,  ^reading  it* 

self  oyer  it  like  a  cloud. 

F.  Now  rererse  the  experiment :  fill  the  bottle  with  water, 
and  plunge  its  neck  quickly  into  a  glass  of  wine  with  its  mooth 
downwards ;  the  wine  is  taking  the  place  of  the  water. 

C.  Could  you  decant  a  botOe  of  wine  in  this  way  without 
turning  it  up. 

F,  1  could,  if  the  neck  of  the  decanter  were  sufficienthf 
smalL  The  n^roes  in  the  West  Indies  are  said  to  be  weU 
acquainted  with  this  part  of  hydrostatics,  and  to  plunder  their 
masters  of  rum  by  filling  a  common  bottle  with  water,  and 
plunging  the  neck  of  it  into  the  bung-hole  of  the  hogshead. 

Upon  the  principle  of  lifter  fluids  keeping  the  uppermost 
parts  of  a  vessel,  several  fluids  may  be  placed  one  upon  another 
in  the  same  vessel  without  mixing ;  thus  in  a  long  upright  jar, 
three  or  four  inches  in  diameter,  I  can  place  water  first,  then 
port  wine,  then  oil,  brandy,  oil  of  turpentine,  and  alcohoL 

C,  How  would  you  pour  them  in  one  upon  another  without 
mixing? 

F.  This  will  require  a  little  dexterity ;  when  the  water  is  in, 
I  lay  a  piece  of  very  thin  pasteboard  over  its  surface,  and  then 
pour  in  the  wine ;  after  which  I  take  away  the  pasteboard,  and 
proceed  in  the  same  manner  with  the  rest. 

Take  a  conmion  goblet  or  drinking-glass,  pour  water  in,  and 
then  lay  a  thin  piece  of  toasted  bread  upon  the  water,  and  you 
may  pour  your  wine  upon  the  bread,  and  the  two  fluids  will 
lemam  for  some  time  separate. 

F.  Is  the  toast  placed  merely  to  receive  the  shock  of  the  wine 
when  poured  in  ? 

F.  That  is  the  reason.  I  will  now  proceed  to  exfJain  the 
principle  of  the  hydrometer^  an  instrument  contrived  to  ascer- 
tain with  accuracy  and  expedition  the  specific  gravities  of  difier- 
ent  fluids. 

A  B  is  a  hollow  cylindrical  tube  of  glass,  ivory,  copper,  &C., 
five  or  six  inches  long,  annexed  to  a  hollow  sphere  of  copper 
2> :  to  the  bottom  of  tlds  is  united  a  smaller  sphere  b,  coQtuning 
a  little  quieksilver,  or  a  few  shot  sufficient  to  poise  the  machine, 
and  make  it  sink  vertically  in  the  fluid. 
•  C  What  are  the  marks  on  the  tube  ? 
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Fig.  S3. 


■   i^.  They  are  degrees,  exhibiting  the  magnitudes  I 

of  the  part  below  the  surface,  consequently,  the 
specific  gravity  of  the  fluid  in  which  it  descends. 
If  the  hydrometer,  when  placed  in  water,  sinks  to 
the  figure  10,  and  in  spirits  of  wine  to  11*1,  then 
the  specific  gravity  of  the  water  is  to  that  of  the 
spirit,  as  iri  to  10 ;  for  if  the  same  body  float 
upon  different  fluids,  the  specific  gravity  of  these 
fluids  will  be  to  each  other  inversely  as  the  parts 
of  the  body  immersed. 

E,  By  inversely,  do  you  mean  that  the  fluid 
in  which  the  hydrometer  sinks  the  deepest  is 
of  the  least  specific  gravity  ? 

F,  Yes,  I  do  :  here  is  a  piece  of  dry  oak,  which, 
if  I  put  into  spirits  of  wine,  is  entirely  immersed  : 
in  water  the  greatest  part  of  it  sinks  below  the 
surface  ;  but  in  mercury  it  scarcely  sinks  at  all. 
Hence  it  is  evident  that  the  hvdrometer  will  sink  deepest  in  the 
fluid  that  is  of  the  least  specific  gravity. 

To  render  this  instrument  of  more  service,  a  small  stem  is 
fixed  at  the  end  of  the  tube,  upon  which  weights,  like  that  at  £-, 
may  be  placed.  Suppose,  then,  the  weight  of  the  instrument  is 
10  dwts,  and  by  being  placed  in  any  kind  of  spirit  it  sinks  to  a 
certain  point  l,  it  will  require  an  additional  weight,  suppose 
2*6  dwt.  to  cause  it  to  sink  to  the  same  depth  in  water :  in 
this  case  the  specific  gravity  of  the  water  to  the  spirit  will  be  as 
12 "6  to  10.  By  the  addition  of  different  weights  the  specific 
gravity  of  any  kind  of  liquor  is  easily  found.  The  point  l 
should  be  so  placed  as  to  mark  the  exact  depth  to  which  the 
instrument  will  sink  in  the  liquor  that  has  the  least  specific 
gravity. 

C.  But  you  always  make  the  specific  gravity  of  water  1,  for 
the  sake  of  a  standard. 

F.  Right ;  and  to  find  the  specific  gravity  of  the  spirit  com- 
pared with  water  at  1, 1  say,  as' 12*6  :  1 ::  10  :  '791  nearly,  so 
that  I  should  put  the  specific  gravity  of  this  spirit  down 
at  *791  in  a  table  where  water  was  marked  1 ;  and  as  a  cubic 
foot  of  water  weighs  1000  ounces,  a  cubic  foot  of  this  spirit 
would  weigh  791  ounces,  which  is  generally  the  standard  of 
absolute  alcohol, 

E.  Is  this  what  is  usually  called  spirits  of  wine  P 

F.  No ;  it  is  the  alcohol  of  the  chemists,  one  pint  of  which, 
added  to  a  pint  of  water,  makes  a  quart  nearly  of  common 
spirits  of  wine. 
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C  Yon  said  791  was  generaUy  the  specific  gravity  of  al- 
cohol :  what  causes  the  difference  at  other  times  f 

F.  It  is  not  always  manufactured  of  equal  strength ;  and  the 
same  fluids  vary  in  respect  to  their  specific  gravity  by  the 
difierent  degrees  of  heat  and  cold  in  the  atmosphere.  The  cold 
of  winter  condenses  the  fiuid,  and  increases  the  specific  gravity ; 
the  heat  of  summer  causes  an  expansion  of  the  fluid^  and  a 
diminution  of  its  specific  gravity. 

E.  You  said  just  now  that  a  pint  of  water  added  to  a  pint  of 
alcohol,  made  nearly  a  quart  of  spirits  of  wine ;  surely  two  pints 
make  a/utf  quart  ? 

F,  Indeed  they  will  not.  A  pint  of  water  added  to  a  pint 
of  water  will  make  a  quart ;  and  a  pint  of  spirit  added  to  a  pint 
of  spirit  will  make  a  quart ;  but  mix  a  pint  of  spirit  with  a  pint 
of  water,  and  there  is  a  certain  chemical  union  or  penetration 
between  the  particles  of  the  two  fluids,  so  that  they  will  not 
make  a  quart. 


CONVERSATION  XVH. 
Of  the  Hydrometer^  and  Swimming, 

C  To  what  purposes  is  the  hydrometer  applied  ? 

F,  It  is  used  in  breweries  and  distilleries,  to  ascertain  the 
strength  of  their  different  liquors ;  and  by  this  instrument  the 
excise  officers  gauge  spirits,  and  thereby  determine  the  duties 
to  be  paid  to  the  revenue. 

I  think  from  the  time  we  have  spent  in  considering  the  specific 
gravity  of  different  bodies,  you  will  be  at  no  loss  to  account  for 
a  variety  of  circumstances  that  may  present  themselves  to  your 
attention  in  the  common  concerns  m  life.  Can  you,  Emma,  ex- 
plain the  theory  of  floating  vessels  ? 

E,  All  bodies  that  float  on  the  surface  of  the  water  displace 
as  much  fluid  as  is  equal  in  weight  to  the  weight  of  the  bodies : 
therefore,  in  order  that  a  vessel  may  keep  above  water,  it  is  only 
necessary  to  take  care  that  the  vessel  and  its  cargo,  passengers, 
&c.,  should  be  of  less  weight  than  the  weight  of  a  quantitv  of 
water  equal  in  bulk  to  that  part  of  the  vessel  which  it  will  be 
safe  to  immerge  in  the  water. 

F.  Saltwater, — that  is,  the  water  in  the  sea, —  is  specifically 
heavier  than  firesh  or  river  water. 

C  Then  the  vessel  will  not  sink  so  deep  at  sea  as  it  does  in 
the  Thames. 

F,  That  is  true ;  if  a  ship  is  laden  at  Sunderland,  or  any  other 
sea-port,  with  as  much  coals  or  corn  as  it  can  carry,  it  may  sail 
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Terj  safelj  till  it  reach  the  fresh  water  in  the  Thames;  but 
there  it  will  infallibly  go  to  the  bottom  unless  some  of  the  cargo 
be  taken  out. 

E,  How  much  heavier  is  sea  water  than  the  fresh  ? 

F,  About  one  fortieth  part,  which  would  be  a  guide  to  the 
master  of  a  vessel,  who  was  bent  upon  freighting  it  as  deeply 
as  possible. 

C,  In  bathing,  I  have  ofleii  tried  to  swim,  but  have  not  yet 
been  able  to  accomplish  the  task ;  is  my  body  specifically  heavier 
than  the  water  ? 

F,  I  hope  you  will  learn  to  swim,  ainl  well,  too ;  it  may  be 
the  means  of  saving  your  own  li£e,  and  rescuing  others  who  are 
in  danger  of  drowning. 

By  some  very  accurate  experiments  made  by  Mr.  Robertson, 
a  late  librarian  of  the  Royal  Society,  upon  ten  diffisrent  persons, 
the  mean  specific  gravity  of  the  human  body  was  found  to  be 
about  one  ninth  less  than  that  of  common  river  water. 

C.  Why  then  do  I  sink  to  the  bottom  ?  I  ought  to  swim  like 
wood  on  the  surface. 

F,  Though  you  are  specifically  lighter  than  water,  yet  it  will 
require  some  skill  to  throw  yourself  into  such  a  position  as  to 
cause  you  to  float  like  wood. 

C.   What  is  that  position  ? 

F,  Dr.  Franklin  recommends  a  person  to  throw  himself  in  a 
slanting  position  on  his  back ;  but  his  whole  body,  except  the 
face,  should  be  kept  under  water. 

Unskilful  persons  in  the  act  of  attempting  this  are  apt  to 
pluDge  about  and  struggle ;  by  this  means  l£ey  take  water  in 
at  their  mouths  and  nostrils,  which  of  itself  would  soon  render 
them  as  heavy  or.  heavier  than  the  water.  Moreover,  the  cold- 
ness of  the  stream  tends  to  contract  the  body ;  perhaps  fear  has 
the  same  tendency  ;  all  these  things  put  together  wilT  easily  ac- 
count for  a  person  sinking  in  the  water. 

F.  But  if  a  dog  or  a  cat  be  thrown  into  a  pond  they  seem  as 
terrified  as  I  should  be  in  a  like  situation ;  yet  they  never  fail 
of  making  their  way  out  by  swimming. 

jP.  Of  all  land  animals,  man  is,  probably,  the  most  helpless  in 
this  element.  The  brute  creation  swim  naturally,  the  human 
race  must  acquire  the  art  by  practice.  In  other  animals  the 
trunk  of  the  body  is  large,  and  their  extremities  small :  in  man 
it  is  the  reverse,  the  arms  and  legs  are  large  in  proportion  to 
the  bulk  of  the  body,  but  the  specific  gravity  of  the  extremities 
is  greater  than  that  of  the  trunk,  consequently  it  will  be  more 
difficult  for  man  to  keep  above  water  than  four-footed  animals ; 
besides,  the  act  of  swimming  seems  more  natural  to  them  than 
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to  US,  as  it  oorresponds  more  nearly  to  their  mode  of  walking  and 
nmninff  than  to  oars. 

C  I  will  try  the  next  time  I  bathe  to  throw  mjself  <m  my 
back  according  to  Dr.  Franklin's  directions. 

jP.  Do  not  rorget  to  make  your  experiments  in  water  that  is 
not  so  deep  as  yon  are  high  by  at  least  a  foot. 

It  is  not  so  generally  known  as  it  ought  to  be,  that  the  depth 
of  a  clear  stream  of  water  is  always  one  fourth  greater  than  it 
appears  to  be.* 

C  If  the  river  appear  to  be  only  three  feet  deep,  may  I 
reckon  upon  its  being  full  four  feet  f 

F.  Yes ;  you  must  estimate  it  in  this  manner.  Remember 
also,  that  if  a  person  sink  slowly  in  water  ever  so  deep,  a  small 
effort  will  bring  him  up  ^ain,  and  if  he  be  then  able  to  throw 
himself  on  his  back,  keeping  only  his  face  above  water,  all  will 
be  well  t ;  but  if,  instead  of  this,  he  is  alarmed,  and  by  straggling 
throw  himself  so  hi^h  above  the  water,  that  his  body  does  not 
displace  so  much  of  it  as  is  equal  to  his  weight,  he  will  sink  with 
an  accelerated  motion  :  a  still  stronger  effort,  which  the  sense 
of  danger  will  inspire,  may  bring  him  up  again,  but  in  two  or 
three  efforts  of  this  kind  his  strength  fails,  and  he  sinks  to  rise 
no  more  alive. 

JS,  Is  it  the  upward  pressure  which  brings  up  a  person  that 
is  at  a  considerable  depth  in  the  water  ? 

F,  It  is ;  this  upward  pressure  balances  the  weight  of  water 
which  he  sustains,  or  he  would  be  crushed  to  pieces  by  it. 

Cork  an  empty  bottle  ever  so  well,  and  with  weights  fdunge 
it  down  a  hundred  yards  into  the  sea,  and  the  pressure  of  &e 
water  will  force  the  cork  into  the  bottle. 

C.  I  credit  that  assertion  because  it  is  yours ;  and  I  know  that 
although  you  may  like  now  and  then  to  surprise  us,  you  never 
intentionally  deceive  us.  But  I  confess  that  I  do  not,  as  yet,  see 
the  entire  reason  of  the  fact. 

F,  Have  you  forgotten,  then,  that  the  pressure  of  water  upon 
any  horizontal  surface  is  as  the  depth  of  the  liquid  above  that 
surface  ? 

C  No,  papa,  I  have  not.  But  I  do  not  think  we  have 
hitherto  estimated  the  pressure  at  any  considerable  depths. 

F.  Suppose,  then,  you  attempt  to  ascertain  tiie  pressure  of 
water  upon  a  square  inch  placed  horizontally  at  the  depth  of 
SO  feet 

«  The  reMon  of  thii  deeeption  if  expl»ined  in  our  ConTenfttiooi  <m  0|>ticf.r~See 
CoQTerwtion  IV.,  on  Optics. 

t  It  hM  been  aaierted  lately,'  in  some  of  onr  beet  periodical  worka,  that  if  a  pmoa 
fklling  in  the  water  have  presence  of  mind  to  lean  hia  head  a  little  backward,  aad  saw 
lift  his  handf  abore  the  water,  lie  eannot  sink. 
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C  In  order  to  do  tbat  I  fancy  it  will  be  easiest  to  find  the 
pressure  on  a  square  foot  at  the  same  depth  ;  and  that,  if  I  do 
not  mistake,  will  be  equivalent  to  the  weight  of  a  column  of 
water  having  a  base  of  a  square  foot,  and  being  30  feet  high. 

F.  So  far  you  are  quite  right :  go  on. 

C  This  column  will  contain  30  cubic  feet,  which  will  weigh 
30  times  1000  ounces,  or  30  times  62^  pounds,  that  is  to  say, 
1875  pounds  avoirdupois. 

If  I  divide  this  by  144,  the  quotient  will  measure  the  pressure 
upon  a  square  inch,  at  the  depth  of  30  feet ;  this  comes  to  13 
pounds  and  -j^.    I  suppose  I  may  call  it  13  pounds. 

S,  Yes,  Charles ;  that  you  may,  I  will  warrant.  And  if  I 
am  not  mistaken,  I  see  the  reason  why  papa  chose  thirty  feet. 
It  was  because  thirteen  pounds,  the  pressure,  has  the  same  first 
syllable  as  thirty  feet,  the  depth ;  by  which  means  both  are  more 
easily  recollected.     Am  I  right  in  this  conjecture  ? 

F\  You  are. 

Now  let  me  ask  you  what  would  .be  the  pressure  upon  a 
square  inch  at  the  depth  of  300  feet  ? 

JE.  Ten  times  13,  or  130  pounds ;  and  it  is  very  probable  that 
pressure  would  thrust  in  the  cork. 

F,  What  would  be  the  pressure  upon  a  square  inch  at  the 
depth  of  3000  feet  ? 

JE.  Ten  times  130,  or  1300  pounds.  But  that  is  an  enormous 
pressure  :  has  it  ever  been  tried  ? 

F,  Yes,  in  the  northern  seas ;  specimens  of  different  kinds  of 
wood  have  been  tied  to  cords  and  sunk  to  depths  of  more  than 
6000  feet. 

C  I  think  I  can  foresee  that  wood  kept  immersed  at  such 
?reat  depths  would  have  much  water  squeezed  into  its  pores* 
Was  that  actually  the  case  ? 

F.  Yes.  Ash,  the  specific  gravity  of  which,  before  immer- 
sion, was  '654,  after  bem?  kept  nearly  3  hours  at  the  depth  of 
6348  feet,  became  specifically  heavier  than  water,  its  specific 
^avit^r  having  become  1*168.  Fir,  by  a  like  process,  increased 
m  specific  gravity  from  '473  to  1*081 ;  oak,  from  '720  to  1*185. 
So  that  none  of  the  specimens  would,  after  this  submersion^ 
swim  in  water.  This  result,  however,  is  by  no  means  incredible, 
when  it  is  considered  that  the  pressure  upon  each  square  inch 
of  surface  exceeded  25  owt. 

E,  We  thank  you,  papa,  for  drawing  our  attention  to  thii 
interesting  experiment. 
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COSTEBSATIOS  XVUI. 
OfOtSspkom. 

F.  TU*  beod«d  tube  if  called  *  rjvtiaii,  snd 
it  Mtued  to  draw  off  water,  wine,  or  otLo-floida, 
Iraai  Tewds  which  it  would  be  iDcoa*etiiait  to 
move  from  tlie  place  m  which  tbej-  stand. 

C  I  do  not  aee  how  it  can  iliaw  liquor  out 
et  anj  reael  —  wli;  ii  one  1^  longer  than  the 
other? 

F.  I  will  Gnt  ihow  jon  how  the  tqwration  n 
performed,  and  then  endeavoor  to  explain  the 
principle. 

I  fill  the  tnbe  ■  d  c  with  water,  and  Hkh 
placing  a  finger  on  ■,  atid  another  on  c,  I  invert 
tlu  tube,  and  immene  the  shorter  1^  into  a  jar  of  water ;  and 
hating  taken  inj  fingert  awaj,  ;on  tee  the  water  runa  over  in 

E.  Win  it  continue  to  flow  orer  ? 

F.  It  will,  tiU  the  water  in  the  vesKl  cornea  aa  low  aa  k,  the 
edge  of  the  aTphon. 

C.  Ii  tbif  accounted  for  b^  preMureP 

F.  To  the  preamre  or  wei^t  of  (he  atmosphere  we  are  in- 
debted for  the  action  of  the  gjphon,  pamps,  &c.  At  present 
jon  moat  take  It  for  granted  that  the  air  which  we  breathe, 
though  inviaible,  hat  weight,  and  that  the  pressare  occasioned 
bf  it  ii  equal  to  about  14  or  Ifi  pounds  upon  ererj  square 
inch.  The  surface  of  tbif  table  is  equal  to  about  six  sqnaro 
feet,  or  664  square  inches,  and  the  pressure  of  the  atmotphere 
tipon  it  Is  equal  to  at  least  12,000  pounds. 

f .  How  does  the  pressure  of  the  air  cause  the  water  to  run 
throng  the  STphon  r 

P,  The  pnnciple  of  the  BjphoD  is  ihia :  IhetwolegsareofuD- 
eqnal  length ;  consequently,  the  weight  of  water  in  the  laa^ft 
\eg  it  greater  than  ttiat  in  the  shorter,  and  therefore  will,  bj 
ita  own  graritj,  run  out  at  c,  leaving  a  vacuum  from  d  to  jt, 
did  not  the  presture  of  the  atmoarihere  on  the  surface  of  the 
water  in  the  jar  force  it  up  the  leg  s  e,  and  thus  continntdlj 
inppl  J  the  place  of  the  water  in  d  c. 

C.  But  since  the  pressure  of  fluids  acta  in  all  directions,  ia 
not  the  upward  preasnre  of  the  atmosphere  against  c,   the 
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month  of  the  tabe,  equal  to  the  domnrard  premue  on  the  bdt- 
foce  of  the  water  f 

F.  The  preasnre  of  the  atmosphere  maj  be  conudered  aa 
equal  id  both  caaea.  But  these  equal  preBtnrea  are  counter- 
acted bv  the  pressure*  of  the  two  utiec[ual  columns  of  water, 
s  n  and  d  c.  And  siuce  the  atmospheric  preamre  ia  more  than 
sufficient,  to  balance  both  theae  columns  of  flnid,  that  which  acts 
with  the  lesser  force,  that  ia,  the  column  j>  a,  will  be  more 
pressed  against  n  c  than  d  c  is  leainst  n  ■  at  the  rertax  n ; 
consequent!;  the  column  d  e  will  yield  to  the  greater  pressure, 
and  flow  off  through  the  orifice  c. 

E.  Would  the  same  thing  happen  if  the  ontar  leg  s  c  were 
shorter  than  the  other  ? 

J^.  If  D  c  were  broken  off  at  b,  even  with  the  surface  of  the 
water,  no  wat«r  would  run  orer ;  or  if  it  were  broken  off  any- 
where lower  than  b,  it  would  only  ran  away  till  the  snrfac«  of 
the  fluid  descended  to  a  level  wiA  the  length  of  the  outer  tube, 
because  then  the  column  db  will  be  no  more  pressed  against 
s  c  than  t>  c  ia  against  d  b,  and  consequentiy  the  syphon  will 
empty  itself;  the  water  in  the  outer  les  will  run  out  at  the 
lower  orifice,  and  thU  in  the   inner  wDl  fall  bock  into  the 

C  In  decanting  a  pipe  of  wine,  are  you  obliged  first  to  fill 
the  syphon  with  liquor,  and  then  invert  it  P 

F.  No_;  a  small  pipe  is  fixed  to  the  outer  leg  of  the  syphon, 
fay  which  the  air  is  drawn  out  of  it  by  tlie  mouth,  and  the  short 
leg  being  immersed  in  the  wine,  the  fluid  will  follow  the  air, 
and  run  out  till  the  pipe  is  empty. 

The  syphon  is  sometimes  disguised  for  the  sake  of  amnsing 

J'Oung  peoj^     Tantalus's  cnp  ia  of  this  kind.   The 
onger  le^  of  the  syphon  passes  through,  and  is  ce- 
r   inent«d  into  the  bottom  of  the  cup ;  if  water  be 
poured  into  the  cup,  so  as  not  to  stand  so  high  as 
the  bend  of  the  tube,  the  water  will  remain  as  in 
any  common  vessel ;  but  if  it  be  raised  over  the 
bende<t  part  of  the  jyphon,  it  will  run  over,  and  - 
continue  to  run  till  the  veasel  is  emptied.    Som> 
times  a  little  figure  of  a  man  representing  Tantalus 
conceals  the  syphon,  so  that  Tantalus,  as  in  the 
fable,  stands  up  to  his  chin  in  water,  but  is  nevier 
'>    Fis-  U.       able  to  quench  bis  thirst ;  for  just  as  it  eomea  to  a 
level  with  his  chin,  it  runs  out  through  the  con- 
cealed a^bon. 

This  is  another  kind  of  Tantalus's  cup,  but  the  syphon,  ia 
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Fig.  26. 


Fig.  27. 


concealed  in  the  handle,  and  when  the  water' 
in  the  cup,  which  communicates  with  the 
shorter  leg  at  i,  is  raised  above  the  bend  of 
the  handle,  it  runs  out  through  the  longer 
leg  at  p,  and  so  continues  till  the  cup  is 
empty.  This  cup  is  often  made  to  deceive 
the  unwary,  who,  by  taking  it  up  to  drink, 
cause  the  water,  which  was,  while  at  rest,  be- 
low the  bend  of  the  syphon,  to  run  over,  and 
then  there  is  no  means  of  stopping  the  stream 
till  the  vessel  is  empty. 
C  I  have  frequently  seen  at  the  doors  of  public-houses  the 

contents  of  hogsheads  of  spirits  drawn  off 
by  means  of  an  instrument  like  a  syphon. 
F,  That  is  called  a  di8tiller*s  crane 
or  syphon,  b  represents  one  of  these 
barrels  with  the  syphon  at  work  from  the 
bung-hole  n.  The  longer  leg  mr  is 
about  three  feet  long,  with  a  stop-cock 
near  the  middle,  which  must  be  shut,  and 
then  the  shorter  leg  is  immersed  in  the 
liquor. 

E.  Is  the  air  in  the  short  leg  forced  into  the  other  by  the  up- 
ward pressure  of  the  fluid  ? 

F.  It  is,  and  the  cock  being  shut,  it  cannot  escape,  but  will 
be  very  much  condensed.  If  then  the  cock  be  suddenly  opened 
the  condensed  air  will  rush  out,  and  the  pressure  of  the  air  on 
the  liquor  in  the  vessel  will  force  it  over  the  bend  of  the  syphon,- 
and  cause  it  to  flow  ofi'in  a  stream,  as  the  figure  represents.  If, 
however,  the  barrel  be  not  full,  or  nearly  full,  then  it  is  necessanr 
to  draw  the  air  out  of  the  syphon  by  means  of  a  small  tube  a  o% 
fixed  to  it. 

By  the  principle  of  the  syphon  we  are  enabled  to  explain  the 
nature  of  mtermitting  springs. 

J5:.  What  are  these? 

F,  They  are  springs,  or  rather  streams,  that  flow  periodically. 
A  diagram  will  give  a  clearer  idea  of  the  subject  than  many 
words  without ;  g  f  c  represents  a  cavity  in  the  bowels  of  a  hill 
from  the  bottom  of  whicn^  c^  proceeds  the  irreffular  cavity  c  e  d, 
forming  a  sort  of  natural  syphon.  Now,  as  this  fills,  by  means 
of  rain  or  snow  draining  through  the  pores  of  the  ground,  the 
water  will  gradually  rise  in  the  leg  c  e,  till  it  has  attained  the 
horizontal  level  h  h,  when  it  will  begin  to  flow  through  the  leg' 
ED,  and  continue  to  increase  in  the  quantity  discharged  as  the 
water  rises  higher,  till  a  fuU  stream  is  sent  forth ;  and  then,  by 
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the  principle  of  tlie  sjphon, 
it  must  continue  to  flow  till 
the  Truter  sinks  to  the  level 
i  I,  vhcn  the  air  will  rush 
into  the  ajpbon  and  stop  its 

C.  And  being  ODce  brought 
so  low,  it  cannot  run  over 
again  till  the  cavitj  is  full  of 
water,  or  at  least  up  t«  the 
level  h  A,  which,  as  it  is  only 
supplied  by  the  dnuniog  of  the  water  through  fhe  ground,  muBt 
take  a  considerable  length  of  time.  Is  that  the  reason  why  ihej 
are  called  intermitting  springs  F 

F.  Itia:  Mr.  Clare,  in  hie  treatise  "On  the  Motion  of  Fluids," 
illustrates  this  subject  bj  referring  to  a  pond  at  Gravesend,  out 
of  which  the  water  ebbs  all  ttie  time  the  tide  is  coming  into  the 
adjacent  river,  and  runs  in  while  the  tide  is  going  out.  Another 
instance  mentioned  by  the  same  author  is  a  spring  in  Derbjsiiire 
called  the  Wedding  Well,  which,  at  certain  seasons,  sends  forth 
a  strong  stream,  with  a  singing  noise,  for  about  three  minutes, 
and  then  Etopa  again.  At  Lamboum,  in  Berkshire,  there  is  a 
brook  which  m  summer  carries  down  a  stream  of  water  sufficient 
to  turn  a  mill ;  but  during  the  winter  there  is  scarcely  anj  cur- 
rent at  all. 

In  intermitting  springs  the  periodical  returns  of  the  flowing 


n  the  quantity 
ot  water  furnished  by  the  springs, 

Aluny  springs  are  derived  from  natural  syphons,  existing  in 
the  sides  of  mountains,  &c.,  at  various  depths,  and  to  various 
eitenls.  Some,  situated  on  the  tops  of  hills  n 
jly  water  all  the  y 
illy  Sow  in  profusi 


CONVERSATION  XIX. 
0/the  Divijig-Bell. 

F.  Take  this  ale-glaas,  and  thrust  it  with  the  mouth  down- 
wards into  a  glass  jar  of  water,  and  you  will  perceive  that  but 
very  little  water  will  enter  it 

C.  The  water  does  not  rise  in  it  more  than  about  a  quarter 

of  an  inch  :  if  I  properly  understand  the  subject,  the  air,  which 

filled  the  glas*  be£»e  it  was  put  in  water,  u  now  compressed 

o  8 
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into  tbe  fnuller  ipue ;  uid  it  n  Ibii  bodjr  of  air  tiiat  fffevents 
more  water  from  getting  into  tlie  gUv. 

F.  That  11  the  nuOD  :  for  if  jtra  dope  tbe  glaaa  a  little  ott 
one  aide,  a  part  of  the  air  will  escape  in  tbe  form  of  a  bobble, 
and  then  the  water  wiQ  rise  higher  in  the  glass. 

Upon  this  sim;^  priociple  machines  have  been  inxented,  bj 
which  pet^e  are  able  to  walk  abont  at  the  bottom  of  tbe  sea 
with  as  mncb  safetT  as  npoo  tbe  mrfsce  of  tbe  earth.  Tbe  on- 
gtoal  nucfaine  of  this  kind  was  much  improred  br  Dr.  Hallej", 
more  than  a  centnrj  ago ;  it  is  called  the  Ditii^  Belt 

C.  Was  it  made  in  the  shape  of  a  bell  P 

F.   It  was;  and,  as  great 
ength  was  required  t( 


the  pressare  o 


was  fire  feet,  that  of  the  top 
three  feet,  and  it  was  eight  feet 
high  ;  to  make  the  vessel  sink 
verticallj  in  water,  the  bottimi 
was  loaded  with  a  quandtj  of 
leaden  balls. 

E.  It  was  as  large  as  a  good- 
sized  closet ;  but  how  did  be 
■*-  contriTe to  get  light? 

F.  Li^ht  was  let  into  the  bell  by  means  of  strong  e[^eiical 
glasses  fixed  in  tbe  lop  of  tbe  machine. 
C  How  are  the  divers  supplied  with  ur  ? 
F.  Barrels,  filled  with  fresh  air,  were  made  suffii^entlj  beavj, 
and  sent  down,  such  as  that  represented  bj  c ;  from  which  a 
leathern  pipe  communicated  with  the  inside  of  the  bell,  and  '« 
ttopj-cock  at  the  upper  part  of  the  bell  let  out  the  foul  air. 

E.  The  little  men  seem  tosit  very  contentedly  under  the  bell; 
yet  I  do  not  think  I  should  like  ajoumej  with  them. 

C.  I  descended  the  other  daj  in  the  diving-bell  at  the  Polr- 
technic,  and  felt  a  somewhat  disagreeable  sensa.tion  in  my  eaia ; 
but  this  sensation  appeared  painful  to  some-who  descended,  at 


F.  It  arises  from  tbe  Condeneation  of  the  ^r  in  tbe  beH  • 
which  at  considerable  depths  in  the  sea  is  very  great,  and  iHt>^ 
duces  a  disasreeable  pressure  upon  all  parts  of  the  body,   bnt 


This  sensation  ^es  i 


lie  can,  as  If  quil 
•A.  last  hmg,  for 


■e  thrust  into"  them. 
r  presaing  through 


THE  DIVING-BELL.  199 

the  pores  of  the  skin,  soon  becomes  as  dense  within  their  bodies 
as  without,  when  the  sense  of  pressure  ceases. 

S.  They  might  stop  their  ears  with  cotton. 

F,  One  of  them  once  thought  himself  as  cunning  as  you,  and 
for  the  want  of  cotton  he  chewed  some  paper  and  stuffed  it  in 
his  ears  :  as  the  bell  descended,  the  paper  was  forcibly  pressed 
into  the  cavities,  and  it  was  with  great  difficulty  and  some  danger 
that  it  was  extracted  by  a  surgeon. 

C,  But  no  barrels  of  air  were  sent  down  to  us  at  the  Poly- 
technic. 

F,  No  ;  but  you  must  have  noticed  two  men  pumping  while 
the  bell  was  in  the  water :  they  were  sending  you  air  by  means 
of  a  forcing-pump,  which  is  the  plan  now  adopted  in  preference 
to  the  inconvenient  one  of  sending  down  barrels  of  air. 

C  Are  divers  able  to  remain. long  under  water  ? 

F,  Yes ;  when  all  things  are  properly  arranged,  if  business 
require  it,  they  will  stay  several  nours  without  the  smallest  dif- 
ficulty. 

F,  But  how  do  they  get  up  again  ? 

F,  They  are  generally  let  down  from  on  board  ship,  and  taking 
a  rope  with  them,  to  which  is  fixed  a  bell  in  the  vessel,  they 
have  only  to  pull  the  string,  and  the  people  in  the  ship  draw 
them  up. 

C.  What  does  the  figure  e  represent  ? 

F.  A  man  detached  from  the  bell,  with  a  kind  of  inverted 
basket  made  of  lead,  in  which  is  fixed  another  flexible  leathern 
pipe,  to  give  him  fresh  air  from  the  bell  as  often  as  he  may  find 
it  necessary.  By  this  method  a  man  may  walk  to  the  distance 
of  80  or  100  yards  from  the  machine. 

F,  It  is  to  be  hoped  his  comrades  will  not  forget  to  supply 
him  with  air. 

F.  If  his  head  is  a  little  above  that  part  of  the  bell  to  which 
the  pipe  communicates,  he  can,  by  means  of  a  stopcock,  assist 
himself  as  oflen  as  he  requires  a  new  supply  ;  and  that  man  is 
always  best  helped  who  can  help  himself. 

F.  We  saw  a  diver  thus  protected  descend  into  the  tank  at 
the  Polytechnic  ;  his  helmet  was  supplied  with  air  from  the 

Eump  ;  he  carried  heavy  weights  to  sink  himself;  but  how  did 
e  manage  to  float  again,  for  he  did  not  remove  the  weights  ?  |^ 
jP.  No  ;  but  he  had  on  a  waterproof  girdle ;  and,  by  turning 
a  cock,  he  connected  this  with  the  helmet,  and  it  became  inflated 
with  air,  and  thus  he  became  buoyant. 

F.  I  observed  a  great  bubbling  in  the  tank  while  the  bell  or 
the  diver  was  down.    What  was  this  ? 
F,  The  pumpers  furnished  more  air  than  was  needed,  and  it 

o  4 
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escaped  under  tlie  lip  of  tlie  bell ;  also,  when  the  bdl  was  at  the 
bottom  of  the  tank  the  air  it  contained  was  coftpressed  by  the 
depth  of  water ;  but  as  the  bell  rose  the  air  expanded,  ai^  be- 
came too  much  for  the  belL 

C.  Has  the  diving-bell  been  a{^lied  to  any  verj  useful  pur- 


F.  By  means  of  this  invention  a  great  number  of  valuaUe  com- 
modities have  been  recovered  from  wrecks  of  shqis,  though  at 
g;reat  depths  in  the  sea.  The  bell  is  perfectly  manageable,  and 
may,  by  a  small  boat,  be  conducted  from  place  to  place  with  the 
greatest  ease.  You  remember  the  fearful  accident  Uiat  happened 
to  the  Royal  George  ship  of  the  line,  which  was  suddenly  sunk 
with  a]l  the  crew,  of  whom  few  escaped.  The  sunk  wreck,  which 
was  long  a  great  source  of  interruption  to  the  navigation,  has 
been  removed  by  the  continual  use  of  the  diving-beU. 


CONVERSATION  XX. 
Of  the  Diving-Bell. 

E.  Have  there  been  no  accidents  attending  the  use  of  the 
diving-bell  ? 

F.  The  diving-bell  proved  fatal  to  Mr.  Spalding  and  an  as- 
sistant, who  went  down  to  view  the  wreck  of  the  Imperial  £ast- 
Indiaman,  near  Ireland.  They  had  descended  for  the  third  time, 
when  the  twisting  of  some  ropes  prevented  their  announcing 
their  wants  to  their  companions  m  the  ship.  Mr.  Day  also 
perished  at  Plymouth  in  a  diving-bell  of  his  own  construction, 
m  which  he  was  to  have  continued,  for  a  wager,  twelve  hours, 
one  hundred  feet  deep  in  water. 

C  Did  these  accidents  put  an  end  to  the  experiments  ? 
F.  No ;  but  they  have  led  to  improvements  in  the  structure 
and  use  of  the  machine.    Mr.  Smeaton  made  use  of  a  cast-iron 

chest  (fig.  30.),  the  weight  of  which,  50cwt.,  was 
heavy  eno^igh  to  sink  itself.  It  was  4^  feet  in 
height,  the  same  number  of  feet  in  length,  and 
3  feet  wide,  and  of  course  afforded  sufficient 
room  for  two  men  to  work  under  it  at  a  time. 

E,  What  are  those  round  things  at  the  top  ? 

F.  They  are  four  strong  pieces  of  glass  to 
admit  the  light.  The  great  advantage  which 
this  had  above  Dr.  Halley's  bell  was,  that  the 
divers  were  supplied  witn  a  constant  influx  of 

F»«.8o.  air^  without  any  attention  of  their  own,  by 
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means  Of  a  forcing  ur-pnmp,  worked  in  a  boat  upon  tlie  water'i 
■urface. 

C.  That  is  not  represented  in  Ihe  plate. 

F.  Look  to  fig.  31.,  wluch  is  a  divinj;  machine  of  a  different 
construction,  invented  bj  the  verj  ingenious  aud  trulj  respect, 
able  lecturer,  Mr.  Adam  Walker.* 

This  machine  is  of  the  shape  o 
conical  tub,  but  little  more  than  i 
third  as  large  as  Mr.  Smeaton's.     The  f 
balls  at  the  bottom  are  lead,  sufficiently  \ 
heavT  to  make  it  sink  of  itself :  a  bended    | 
metal  tube  a  i  c,  is  attached  to  the  c 
side  of  a  machine  with  a  stopcock  a, : 
a  flexible  leathern  ttibe  to  the  Other  end 
e ;  tbia  tube  ia  connected  with  a  forcing 
air-pump  d,  which  abundantly  supplies 
the  diver  with  fresh  air.     The  ropes  and 
leathern  tube  being  flexible,  the  diver   j^ 
can,  with  the  machine  over  his  head,   I    1*^ 
walk  about  aeveral  jards,  in  a  perpen- 
dicidar  posture ;  and  thus  can  eaailj  per- 
form snj  sort  of  business,  nearly  as  well 
as  on  dry  land.     Mr.  Walker  aajs,  that 
the  greatest  part   of  the  wreck  saved 
from  the  rich  ship  Belgioao  was  taken 
up  by  meana  of  his  bell.    The  followiQE 
anecdote  given  by  thia  gentleman  win 
entertain  my  ^oune  readers  ; 

"  Aa  the  diver  had  jJenty  of  air  to  ^^ 

spare,  he  thought  a  candle  might  be 
supported  in  the  bell,  and  he  could  descend  by  night.  He  made 
the  experiment,  and  presently  found  himself  surrounded  by  Mt, 
some  very  large,  and  many  aucb  aa  he  had  never  seen  before. 
They  sported  about  the  bell,  and  smelt  at  his  legs  as  they  hung 
in  the  water  :  this  rather  alarmed  him,  for  be  was  not  sure  but 
some  of  the  larger  might  take  a  fancy  to  him ;  he  therefore 
rang  his  bell  to  be  taken  up,  and  the  fish  accompanied  him  with 
much  good-nature  to  the  surface," 

C.  I  have  heard  of  late  of  methods  that  have  been  adopted 
of  f;aing  down  tubes  to  the  bottom  of  rivers  without  a  diving- 
bell  at  all ;  but  1  could  never  get  a  description  of  the  apparatus. 

J". -You  refer  to  Mr.  Cave's  modification  of  the  diving-bell. 
Conceive  to  yourself  a  large  hemispherical  vessel  of  iron,  some 
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20  OT  SO  feet  in  diameter,  and  15  or  20  feet  higbv  witk  an  open- 
ing in  the  centre  of  the  bottom  of  the  TesseL  lliia  Teasel,  with 
the  arldition  of  the  air-pamp  and  other  neoessarj  apparatus, 
would  of  itflelf  constitute  a  diying-bell. 

E,  It  would  be  rather  a  large  one,  I  think ;  mnch  larger  than 
I  harl  suppoae^l  was  erer  the  case. 

F.  You  will  find  as  I  go  on  that  this  is  a  ^xtarej  and  is  onl  j 
an  air-TesieL  To  the  hole  in  the  bottom  is  fitted  a  long  iron 
cjlinder,  open  at  both  ends,  which  can  be  raised  or  lowmd  as 
re<]aired ;  it  slides  in  or  oat  like  the  tube  of  a  ^T-glaas,  and  the 
joint  or  hole  is  kept  air-tight.  Then,  instead  of  letting  the 
hemisphere  descend,  the  cjlinder  is  lowered;  and  on  the  air 
being  compressed  into  the  yessel,  the  water  is  driren  out  both 
of  the  hemisphere  and  the  cjlinder,  and  the  direr  can  descend 
from  the  hemisphere  and  go  down  the  cjlinder  to  the  bottom  oi 
the  riTer,  just  as  he  would  go  down  a  welL 

JE,  Ah !  but  how  would  he  get  into  the  great  hemisphere  ? 

F.  Bj  a  Terj  clever  contrivance.  The  great  upper  diamber 
is  fumiiihed  with  a  small  antechamber,  intercommunicating  bj 
a  large  valve  or  air-tight  door,  and  having  another  similar  door 
as  an  entrance  from  without.  It  is  obvious  to  jou  that  if  both 
doors  are  opened,  all  the  compressed  air  would  escape,  and  the 
water,  rushing  in,  would  fill  the  vessels  as  high  as  the  level  <^ 
the  river.  But,  when  the  workman  enters  the  antechamber 
from  without,  he  carefull j  closes  the  door  behind  him ;  he  then 
opens  the  door  that  intercommunicates  with  the  large  chamber; 
some  of  the  compressed  air,  but  not  much,  enters,  and  diffuses 
itself  in  the  small  chamber,  making  the  atmosphere  of  both  of 
the  same  densitj.  He  now  shuts  the  door  behind  him,  and 
goes  down  the  cjlinder. 

F,  I  quite  understand  the  ingenious  plan ;  and  can  see  that 
if  the  antechamber  is  small  in  proportion  to  the  great  chamber, 
very  little  air  will  be  lost  for  each  person  that  enters,  providing 
he  IS  careful  to  shut  the  door  after  him. 

F,  Another  application  of  this  principle  is  in  the  constructioa 
of  the  piers  of  bridges.  At  Rochester,  for  instance,  it  had  been 
lonz  necessarj  to  erect  a  new  bridge ;  and  the  cost  of  the  foun- 
dation would  have  been  verj  great,  and  the  more  so  in  this  in- 
stance, from  the  peculiar  circumstances  of  the  bottom  of  the 
river.  Diuing'Cylinders,  if  we  maj  call  them  bj  that  name, 
came  to  the  rescue.  A  strong  iron  cjlinder  is  sunk  verticallj  ; 
another  is  attached  to  it,  and  another  and  another,  according  to 
the  depth  of  the  river  and  the  progress  of  the  works.  Air-tight 
doors  intercommunicate  between  each ;  the  first  or  upper  cj- 
linder is  the  antechamber,  and  the  others,  forming  a  kind  of  well. 
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are  the  large  chamber.  When  the  lowermost  had  comfortably 
reached  the  bottom  of  the  river,  and  was  rightly  adjusted  over 
the  spot  where  it  was  permanently  to  stand,  the  work  of  exca- 
vation or  digging  of  the  foundation  commenced.  The  workman 
enters  by  the  antechamber  or  upper  cylinder,  and  descends,  air 
having  been  previously  forced  in  so  as  to  expel  the  water.  He 
digs  away  the  earth,  and  the  heavy  mass  of  iron  sinks  by  its  own 
weight ;  he  conveys  away  the  soil  as  he  collects  it,  by  way  of  the 
antechamber,  and  returns  for  more ;  and  so  he  ^oes  on  until  the 
whole  has  sunk  so  much  that  the  top  of  the  highest  cylinder  has 
nearly  reached  down  to  the  water*s  edge ;  when  it  is  lengthened 
by  the  addition  of  another  cylinder,  and  so  on. 

C.  You  spoke  of  the  spot  where  this  set  of  cylinders  was  per* 
manently  to  stand.  Ja  it  not,  then,  removed  when  the  work  is 
done  ? 

jP.  No.  It  constitutes  the  means  of  doing  the  work,  and  is 
the  very  work  itself.  It  is  one  of  several  columns,  each  similar, 
that  form  the  permanent  works  of  the  bridge.  It  is  constructed 
with  the  necessary  strength,  and  is  sunk  through  the  soft  bottom 
of  the  river  until  a  hard  substratum  is  arrived  at ;  and  thus  has 
a  solidity  which  could  not  otherwise  be  obtained  except  at 
enormous  cost. 


CONVERSATION  XXL 
Of  the  Diving-Boat, 

F,  I  have  now  to  describe  to  you  a  means  of  descending  to 
the  bottom  of  the  sea,  and  there  remaining,  without  any  com- 
munication with  the  surface ;  but  with  the  means  of  sustaining 
life  comfortably,  and  of  rising  again,  when  required. 

C  What  I  of  sinking  and  of  rising  again  without  help  from 
above  ? 

F,  Yes ;  strange  as  it  may  at  first  seem,  this  is  safely  and 
readily  accomplished  by  Dr.  Payeme,  a  French  engineer,  by 
means  of  the  aiving-hoat,  invented  by  him.  It  is  not  a  boat,  as 
far  as  its  powers  of  progression  are  concerned ;  for  it  must  be 
towed  to  the  spot  where  the  descent  is  to  be  made.  Its  floating 
properties  alone  give  it  a  claim  to  the  name  of  hoat,^  It  is  an 
iron  vessel,  some  40  feet  in  length,  and  5  or  6  feet  in  diameter  at 
its  thickest  part,  terminating  toward  the  ends  in  blunt  points ; 
in  shape  not  altogether  unlike  an  egg,  only  longer  in  proportion 
to  its  diameter.  Internally,  there  is  a  centre  chamber,  about 
15  feet  long,  and  which  can  accommodate  some  eight  or  nine 
workmen.    Each  end  of  the  vessel  is  occupied  by  a  strongly 
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oonstmcted  air-tight  chmmber.  The  ftir-chamben  are  simiUr  ; 
and  the  boat  is  prepared  for  senrioe  bj  oompreasing  within  these 
chambers  a  large  quantitj  of  air, — so  large  a  quantitj,  that  it 
will  not  onl J  furnish  a  soppl  j  for  the  gang  of  men  sufficient  for 
a  day's  consumption,  but  enou^  also  lor  other  important  ser- 
Tices.  The  entraivce  to  the  centre  chamber  is  b j  a  door  or  man- 
hole at  the  t(^  Orer  the  door  is  an  iron  arch,  sustaining  a  pulley. 
When  the  men  have  entered,  thej  close  the  door  after  them, 
and  a  man  outside  passes  a  rope  from  it  over  the  pulley,  and 
hauls  it  up  tight,  while  the  divers  seal  themselves  in  their  prison, 
by  screwing  the  door  dose,  so  as  to  make  it  water-tight. 

C  But  I  do  not  see  how  they  are  to  sink  themselves,  and, 
when  sunk,  how  they  are  to  get  out  without  letting  the  water 
in ;  and,  least  of  all,  how  they  are  to  rise  to  the  surface  when 
their  work  is  done. 

F.  I  will  describe  these  operations  each  in  turn. — The  buoy- 
ancry  of  the  vessel  is  such  that,  although  of  iron,  it  floats  with 
its  living  freight ;  but  it  is  obvious  to  you  that  it  would  sink  if 
it  were  overloaded. 

JE,  Of  course  it  would;  but  how  can  the  divers,  screwed  in 
as  they  are,  take  in  ballast  and  overload  it  so  as  to  sihk  them- 
selves? 

F.  Here  comes  in  the  beauty  of  the  invention.  The  centre 
chamber  is  furnished  with  forcing-pumps.  By  means  of  these 
the  divers  pump  water  and  force  it  into  the  air-vessels,  which 
is  no  easy  matter,  inasmuch  as  the  highly  condensed  air,  with 
which  they  are  pre-occupied,  offers  very  great  resistance  to  the 
entrance  of  anything  else.  However,  the  pumps  are  ecfisl  to 
the  duty  required ;  and  in  proportion  as  water  b  forced  in,  first 
at  one  end  and  then  at  the  other,  the  whole  machine  becomes 
heavier ;  and  at  last,  when  too  heavy  to  float,  it  quietly  descends 
to  the  bottom. 

JE.  But  they  are  in  the  dark,  and  they  cannot  get  out 

jP.  I  should  have  told  you  that  there  are  some  little  windows 
in  the  roof.  As  to  getting  out,  thej  have  merely  to  lift  up  one 
or  more  of  the  trap  doors,  with  which  the  bottom  is  furnished, 
or  they  may  open  the  bottom  itself  in  one  large  trap-door. 

C,  What !  and  let  all  the  water  in  upon  tbem  ? 

JP.  You  forget  that  the  space  is  already  occupied  b^  ur.  On 
communication  being  made  with  the  water,  some  portion  enters 
and  condenses  the  air ;  and  according  to  the  depth  and  other 
circumstances,  more  water  would  readily  enter  than  is  con- 
venient. But  the  highly  charged  air-magazines  are  at  hand  to 
prevent  this.   The  divers  have  merely  to  open  a  valve,  and  allow 
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the  imprisoned  air  to  escape  into  the  centre  chamber,  until,  bj 
its  high  state  of  elasticity,  it  drives  back  the  water. 

JS.  And,  I  suppose,  as  they  consume  the  air  by  breathing, 
they  let  in  fresh  supplies  ? 

jP.  They  do :  but  there  is  something  else  to  accomplish  in 
order  to  sustain  life.  You  are  aware  that  the  air,  which  we 
expire  or  breathe  out,  is  very  different  from  what  we  inspire  or 
breathe  in.  In  breathing,  we  consume  oxygen  gas  from  the 
atmosphere,  and  we  give  out  carbonic  acid  gas,  which  is  the 
oxygen  we  took  in  united  with  carbon  or  charcoal  from  the 
body.    This  gas  will  not  sustain  life ;  it  is  virtually  poison. 

C.  Then  the  air  the  men  have  to  breathe  must  contain  very 
much  of  this  bad  gas  ? 

jP.  It  does ;  but  it  fortunately  happens  that  both  lime  and 
water  are  very  fond  of  this  gas :  it  dissolves  readily  in  water, 
and  it  unites  with  lime  and  forms  chalk.  The  men,  therefore, 
take  down  with  them  a  good  pailful  of  lime-water,  and  a  pair 
of  bellows,  with  a  nozzle  like  that  of  a  watering-pot.  They  put 
the  nozzle  of  the  bellows  into  the  water,  and  now  and  then  blow 
away  lustily,  so  that  the  air  of  their  chamber  is  passed  through 
the  lime-water,  where  it  leaves  behind  its  carbonic  acid  gas,  and 
so  is  purified.  It  is  even  not  always  necessary  to  use  the 
bellows ;  for,  when  there  is  a  good  current  of  water  flowing, 
it  takes  up  the  carbonic  acid  in  passing. 

JS,  Now  do  tell  us  how  they  get  up  to  the  surface ;  I  am  so 
anxious  to  know ;  for  thev  seem  to  me  perfectly  helpless. 

F,  You  heard  me  speak  of  the  difficulty  there  was  in  forcing 
water  into  the  air-cells,  so  as  to  sink  the  vessel :  and  you  may 
readily  suppose  that  what  was  forced  in  with  so  much  difficulty 
can  easily  be  got  out ;  and  so  it  is :  for  the  compressed  air  still 
contends  strongly  against  the  intruding  load  of  water ;  and  no 
sooner  do  the  divers  open  the  proper  valves,  than  the  water  is 
forced  out,  and  the  boat,  being  lightened  of  its  load,  readily  rises 
to  the  surface.  The  men  bring  up  with  them  whatever  treasure 
or  debris  they  may  have  collected  during  their  immersion. 
They  generally  work  eight  hours  a  day,  in  two  turns  of  four 
hours,  and  do  this  without  inconvenience.  Improvements  are 
daily  being  made  in  this  apparatus,  so  that  many  new  applica- 
tions may  soon  be  discovered. 
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CONVERSATION  XXIL 

CfPntpi. 

F.  Here  is  a  gkas  model  of  a  common 
pimip,  which  acts  by  the  preMure  of  the 
atmo^ihere  on  the  surface  of  the  water  in 
which  it  is  pliMoed. 

E.  Is  this  like  the  pomp  below  stairs  ? 

F,  The  {Rinciple  is  ezactlj  the  same :  a 
represents  a  ring  of  wood  or  metal,  with 
pliable  leather  fastened  round  it  to  fit  the 
cylinder  a.  Over  the  whcde  is  a  valye  of 
metal,  coyered  with  leather,  of  which  a  part 
serves  as  a  hinge  for  the  yalye  to  open  and 
shut  by. 

C  What  is  a  valye,  sir  ? 

F.  It  may  be  described  as  a  kind  of  lid  or  trap-door,  that 
opens  one  way  into  a  tube,  but  which  the  more  forcibly  it  is 
pressed  the  other  way,  the  closer  the  M>erture  is  shut ;  so  that 
It  either  admits  the  entrance  of  a  fluid  mto  the  tube,  and  pre- 
vents its  return ;  or  permits  it  to  escape,  and  prevents  its  re- 
entrance. 

Attend  now  to  the  figure :  the  handle  and  rod  r  end  in  a  fork 
which  passes  through  the  piston,  and  is  screwed  fast  to  it  on  the 
under  side.  Below  this,  and  over  a  tube  of  a  smaller  bore,  as  z, 
is  another  valve  o  opening  upward,  which  admits  the  water  to 
flow  up,  but  not  to  run  down. 

E.  That  valve  is  open  now,  by  which  we  see  the  size  of  the 
lower  tube,  but  I  do  not  perceive  the  upper  valve. 

F,  It  is  supposed  to  be  shut,  and,  in  this  situation,  the  piston 
a  is  drawn  up,  and  being  air-tight,  the  column  of  air  on  its  top 
is  removed,  and  consequently  leaves  a  vacuum  in  the  part  of  the 
cylinder  between  the  piston  and  the  lower  valve. 

C  I  now  see  the  reason  of  lifting  up  the  pump  handle :  be- 
cause the  piston  then  goes  down  to  the  lower  valve,  and  by  its 
ascent  aflerwards  the  vacuum  is  produced. 
.  F,  And  the  closer  the  pbton  is  to  the  lower  valve,  the  more 
perfect  will  be  the  vacuum. 

You  know  there  b  a  pressure  of  the  idr  on  all  bodies,  on  or 
near  the  surface  of  the  earth,  equal  to  about  14  or  15  pounds 
on  every  sauare  inch.  This  pressure  upon  the  water  in  the 
well,  into  wnich  the  lower  end  of  the  pump  is  fixed,  forces  the 
water  into  the  tube  z,  above  its  level,  as  high  as  /. 

C.  What  becomes  of  the  au*  that  was  in  that  part  of  the  tube  ? 
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F.  You  shall  see  the  operation.  I  put  the  model  into  a  dish 
of  water,  which  now  stands  at  a  level  in  the  tube  z  with  the 
water  in  the  dish.  I  draw  up  the  piston  a,  which  causes  a 
vacuum  in  the  cylinder  a. 

E,  But  the  valve  v  opens,  and  now  the  water  has  risen  as 
high  as  I. 

F,  Because  when  the  air  was  taken  out  of  the  cylinder  ▲ 
there  was  no  pressure  upon  the  valve  v  to  balance  that  beneath 
it ;  consequently,  the  air  in  the  tube  z  opened  its  valve  r,  and 
and  part  of  it  rushed  into  ▲.  But  as  soon  as  part  of  the  air  had 
left  the  tube  z,  the  pressure  of  the  atmosphere  upon  the  water 
in  the  dish  was  greater  than  that  of  the  air  in  the  tube ;  and, 
therefore,  by  the  excess  of  pressure,  the  water  is  driven  into  it 
as  high  as  /. 

C  The  valve  v  is  again  shut. 

J^.  That  is,  because  the  air  is  difiiised  equally  between  the 
level  of  the  water  at  /  and  the  piston  a,  and  therefore  the  pres- 
sures over  and  under  the  valve  are  equal.  And  the  reason  that 
the  water  rises  no  higher  than  /  is,  that  the  air  in  that  space  is 
not  only  equally  difiused,  but  is  of  the  same  density  as  the  idr 
without,    rush  down  the  piston  a  again. 

E,  I  saw  the  valve  in  the  piston  open. 

F.  For  the  air  between  the  piston  and  valve  v  could  not 
escape  by  any  other  means  than  by  lifting  up  the  valve  in  a.  I 
will  draw  up  the  piston. 

C  The  water  has  risen  now  above  the  valve  v  as  high  as  m. 

JP.  I  dare  say  you  can  tell  the  cause  of  this. 

C  Is  it  this  ?  by  lifting  up  the  piston,  the  air  that  was  be- 
tween /  and  the  valve  v  rushed  into  a,  and  the  external  pressure 
of  the  atmosphere  forced  the  water  after  it. 

F,  And  now  that  portion  of  air  remains  between  the  surface 
of  the  water  m  and  the  piston.  The  next  time  the  piston  is 
forced  down  all  the  air  must  escape,  the  water  will  get  above  the 
valve  in  the  piston,  and,  in  raising  it  up  again,  it  will  be  thrown 
out  of  the  spout. 

E.  Will  the  act  of  throwing  that  OHt  open  the  lower  valve 
again,  and  bring  in  a  fresh  supply  ? 

F,  Yes ;  every  time  the  piston  is  elevated,  the  lower  valve 
rises,  and  the  upper  valve  falls ;  but  every  time  the  piston  is 
depressed  the  lower  valve  falls,  and  the  upper  one  rises. 

E.  This  method  of  raising  water  is  so  simple  and  easy,  that  I 
wonder  people  should  take  the  trouble  of  drawing  water  up 
from  deep  wells,  when  it  might  be  obtained  so  much  easier  by  a 
pump. 

JP.  I  was  going  to  tell  you  that  the  action  of  pumps,  so  beau- 
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tiful  ar.'l  ^I;n:>I>^  ft^  it  i^.  i«  ronr  limite<I  in  its  0{teTmtioiL  If  tlie 
w^tfiT  in  the  w».-Il  \te  innzv  than  3*2  or  33  feet  from  tlM  rwlxe  r, 
jfjii  may  pump  f«T  erer.  but  without  anr  effect. 

Ti.  'J'hat  sc-rns  -itran?-? :  but  whj  33  feet  in  paiticiilar? 

/*.  I  hnvti  alreailr  tuM  too.  that  it  b  the  weight  of  the  atmo- 
fjih«:r«:  which  fi>rfvH  t!io  water  into  the  racuum  of  the  pump. 
Now.  if  thi«  wei;rht  were  unlimited,  the  action  of  the  pump 
wouM  he  so  likewL*e :  but  the  weight  of  the  atmosphere  is  odIt 
aVxfUt  14  OT  }''j  p^iun'iiS  on  ererr  s<^[uare  inch :  and  a  colnnin  oif 
wat^r,  of  a^iout  33  feet  in  heijrht,  and  whose  snrfiice  is  one 
s'juare  inch,  weighs  also  14  or  15  pounds;  as  you  now  know 
frr^m  th^;  computations  vou  made  a  few  days  a^. 

C.  l*h«.'n  the  weijrht  of  the  atmosphere  would  balance  or  keep 
in  equilibrio  only  a  column  of  water  33  feet  high,  and  conse- 
fjuently  could  not  support  a  greater  column  of  water,  much  less 
have  fiower  to  raise  it  up. 

F.  The  operation  is  etTected  entirely  bv  the  pressiune  of  the 
fltmr^pherc  on  the  surface  of  the  water.  \)j  which  it  is  forced 
into  the  «parrc  formerly  occupied  by  the  air.  This  is  not  a 
flud'len  op<^;ration  :  it  requires  many  strokes  of  a  pump  to  with* 
draw  as  much  air  as  to  allow  the  water  to  rise  so  manj  feet  abore 
the  surface. 

E.  A  pump,  then,  would  be  of  no  use  in  the  deep  wells  which 
we  fiaw  near  the  coast  in  Kent. 

F.  Xone  at  all ;  the  piston  of  a  pump  should  neyer  be  set  to 
work  more  than  28  feet  above  the  water,  because,  at  some 
pcrio^lH,  the  pressure  of  the  atmosphere  is  so  much  less  than  at 
others,  that  a  column  of  water  something  more  than  28  'feet, 
will  be  equal  to  the  weight  of  the  air. 

C.  What  is  the  principle  of  the  centrifugal  pump,  which  raised 
so  much  water  to  so  great  a  height,  and  which  excited  so  much 
attention  at  the  Great  Exhibition  ? 

F.  It  consists  of  a  hollow  wheel,  traversed  by  vanes.  The 
water  enterM  the  wheel  by  the  axis,  which  is  hollow  and  acts  as 
a  suction-pipe;  and  leaves  the  wheel  at  the  circumference.  The 
latter  is  partly  enclosed  in  a  kind  of  case,  from  which  a  |Npe 
proceeds  upward.  AVhen  the  wheel  is  rotated  in  water,  the  water 
rapidly  enters  at  the  axis,  and  being  prevented  returning  to  the 
reservoir  by  the  envelope,  much  of  it  is  forced  to  ascend  the  pipe 
attached  thereto.  Considerable  ino^enuity  has  been  ezertased 
in  determining  the  most  profitable  form  for  the  vanes.  Appold's 
pump  was  one  foot  in  diameter ;  its  vanes  were  curved ;  it  held 
one  gallon,  and  could  discharge  its  contents  1400  times  per 
minute.    It  is  adapted  for  liflmg  much  water  to  a  modakte 
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height.    It  lifted  3100  ipillons  in  s  minute  6^  feet  high,  anJ  432 
l^lons  26  i  feet  bi^  with  about  an  equal  number  of  revcdu- 


CONTERSATION  XXIII. 
Of&e  Forcing-I^imp,  Fu^'Engine,  Rope-Ptaap^  Chaxn-PiaHp, 
and  Sydraldic  Preis, 
C.  Whj  is  this  called  the  forcing-pump  F 
F.  Because  it  not  onlj  raises  the  water  ii 
the  barrel  like  the  common  pump,  but  ailerwards 
forces  it  —  ■"*- '' - 


.  How  is  that  operation  performed,  papa? 

F.  The  pipe  and  barrel  are  Uie  same  ns  m  the  , 
other  pump,  but  the  piston  q  has  no  Talve ;  it  is 
(olid  and  heavy.and  Boade  ur-tight,  so  that  no 
water  can  get  above  it. 

C.  Does  the  water  oome  up  through  theralve 
a,  as  it  did  in  the  last  P 

F.  B;  raising  up  the  piston,  or,  as  tt  is  gene- 
rail)'  called,  the  plunger,  a,  a  vacuum  is  made  in  ^' 

the  lower  part  of  the  barrel,  into  which,  by  the  pressure  of  the 
air,  the  water  rushes  from  the  well  as  you  see. 

E.  And  the  valve  is  shut  down. 

F.  The  water  not  being  able  to  go  back  again,  and  being  a 
fluid  that  is  nearij  incompressible,  when  the  plunger  is  forced 
ilonn,  escapes  along  the  pipen,  and  through  the  valve  &into  the 
vessel  K. 

C.  Though  the  water  stands  no  higher  than  ft,  it  flows  through 
the  pipe  F  tu  some  height. 

J^  The  pipe  r  i  is  fixed  into  the  top  of  the  vessel,  and  is  made 
air-tight,  so  that  no  air  can  escape  out  of  it  after  the  water  b 
higher  than  i,  the  edee  of  the  pipe. 

E.  Then  the  whole  quantity  of  air,  which  composed  the  space 
F  h,  is  compressed  into  tke  smaller  space  h  r. 

F.  You  are  right :  and  therefore  the  extra.preasure  on  the 
water  in  the  yesael  forces  it  through  the  pipe,  as  you  see. 

C.  And  the  greater  the  condensation,  that  is,  the  more  water 
you  force  into  the  vessel  k,  the  higher  the  stream  will  mount. 

F.  Certunly  ;  for  the  forcing-pump  differs  from  the  last  in 
this  respect,  that  there  is  no  limit  to  the  altitude  to  which  water 
may  be  thrown,  since  the  lur  may  be  condensed  to  almost  any 
degree. 

The  waterworks  that  used  to  exist  at  London  Brii!ge  exht- 
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bited  a  most  curious  engine,  constructed  upon  the  principle  of 
the  forcing-pump ;  the  wheelwork  was  so  contrived  as  to  rnoTe 
either  way,  as  the  water  ran ;  bj  these  works,  140,000  hogs- 
heads  of  water  were  raised  eTcry  day. 

^.  Is  there  any  rule  to  calculate  the  height  to  which  an 
en^niie  will  throw  water? 

F.  If  the  air*s  condensation  be  double  that  of  the  atmosphere, 
its  pre^ure  will  raise  water  33  feet ;  if  the  condensation  be  in- 
cr^ised  threefold,  the  water  will  reach  66  feet ;  and  so  on,  allow- 
ing the  addition  of  33  feet  in  height  for  every  increase  of  one  to 
the  number  that  expressed  the  air*s  condeasation. 
C  Are  fire-engines  made  in  this  manner  P 
F,  They  are  all  constructed  on  the  same  principle,  but  there 
are  two  barreb,  by  which  water  is  alternately  driven  into  the 
air-vessels ;  by  this  means  the  condensation  is  much  greater ; 
the  water  rushes  out  in  a  continued  stream,  and  with  such  velo- 
city, that  a  raging  fire  is  rather  dashed  out  than  extinguished 
by  it.  Garden-engines  are  also  constructed  on  a  principle 
similar  to  that  whieh  we  have  been  describing. 

Figure  34.  is  the  representation  of  a  method  of 
raising  water  from  welb  of  considerable  depth. 

It  consists  of  three  hair-ropes  passing  over  the 
pulleys  ▲  and  b,  which  have  three  grooves  in 
eadi.  The  lower  pulley  b  is  immersed  in  the 
water,  in  which  it  is  kept  suspended  by  a  weight. 
The  pulleys  are  turned  round  with  great  velocity 
by  multiplying  wheels,  and  the  cords,  in  their 
ascent,  carry  up  a  considerable  quantity  of  water, 
which  they  dischar^  into  the  box  or  reservoir  z, 
from  whence,  by  pipes,  it  may  be  conveyed  else- 

where.    The  ropes  must  not  be  more  than  about 

Fig.  SI.         an  inch  apart. 

E.  What  IS  the  reason  of  that,  papa  ? 

F.  Because,  in  that  case,  a  sort  of  column  of  water  will  ascend 
between  the  ropes,  to  which  it  adheres  by  the  pressure  of  the 
atmosphere. 

C.  Ought  not  this  column,  in  its  ascent,  to  fall  back  by  its 
own  gravity? 

F,  Yes ;  and  so  it  would,  did  not  the  great  velocity  of  the 
ropes  occasion  a  considerable  rarefaction  of  the  air  near  them 
consequently  the  adjacent  parts  of  the  atmosphere  pre8sin<r 
towards  the  vacuity,  tend  to  support  the  water.  ^ 

E.  Can  any  considerable  quantity  of  water  be  raised  in  this 
way  ? 

JP.  At  Windsor,  a  purop  of  this  kind  will  raise,  by  the  efforts 
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of  one  man,  about  B  gallons  of  water  in  a  minute,  from  a  well  95 
feet  deep.  In  the  befcinning  of  motion,  the  culuimi  of  water 
adhering  to  the  rope  is  always  less  than  when  it  has  been  worked 
tor  same  time,  and  Ibe  quftotity  continues  to  increase  till  the 
Burruunding  air  partakes  of  its  tnotion.  There  is  also  another 
of  these  pumps  at  the  same  place,  which  raises  water  from  the 
well  in  the  Kound  Tower  178  feet  in  depth.  You  ma;  lee  a 
pump  of  this  kind  in  daily  operation  at  the  Polytechnic  Intti- 

C.  Pray  what  is  a  choin'pump  f 

F.  It  conusts  of  two  square  or  cylindrical  barrels,  through 
which  a  chain  passes,  having  a  number  of  flat  [>iston9,  or  valves, 
fixed  upon  it,  at  proper  <£stance*.  The  chain  passes  round 
wheel-work,  fijted  at  one  end  of  the  machine.  A  whole  row  of 
the  pistons,  whii^  go  free  of  the  sides  of  the  barrel,  is  always 
rising  when  the  pump  is  at  work;  and,  ss  this  machine  is  gene* 
rally  worked  with  great  velocity,  they  bring  up  a  full  bore  of 

E.  For  what  purpose  is  the  chain-pump  chiefly  used  f 

F.  It  has  been  used  in  the  navy  to  prevent  the  fatal  accidents 
which  have  sotnetimes  happened  on  shipboard  by  the  choking  of 
pumps  with  valve*. 

C  Is  it  confined  to  nautical  uses  ? 

F.  No;  it  is  adapted  tothe  raising  of  water  in  all  silnstionc, 
where  it  happens  to  be  mixed  with  sand,  or  other  substances, 
wliioh  destroy  ccmmon  pumps,  as  in  alum-works,  in  mines,  iu 
(luarries,  &c.  In  its  present  improved  state,  it  is  simple  and 
durable,  and  may  be  made  of  metal  or  wood,  at  a  moderate  ex- 

E.  You  told  us,  some  time  ago,  that,  when  we  bad  seen  the 
nature  and  understood  the  conitruction  of  valves,  you  would 
expldn  the  action  of  Bramah's  hydraulic  press. 

F.  This  is  a  good  time  for  the  purpose,  and  with  it  I  shall 
conclude  our  Hydrostatical  Conversations. 

Iu  this  figure  <  is  a  strong  cast- 
iron  cylinder,  ground  very  accurately  . 
within,  that  the  piston  a  may  fit  ex- 
ceedinely  close  and  well.  I  ncud 
scarce^  tell  you,  that  the  little 
figure  represents  a  forcing- pump, 
with  II  soLd  jilun;;er  c,  and  a  valve  n, 
tliat  opens  upwards,  through  which 
the  wuter  is  brought  into  the  pipe  o. 
By  bringing  down  the  plunger  e,  the 
water  in  o  is  forced  through  the  valve 
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X  into  the  bottom  of  the  cylinder,  and  thereby  driyes  up  (ho 
plunger  a, 

C,  What  does  m  represent  ? 

F,  A  bundle  of  hay,  or  bag  of  cotton,  or  any  other  substance 
that  it  may  be  desirable  to  bring  into  a  compass  twenty  or  thirty 
times  less  than  it  generally  occupies. 

£,  I  see  now  the  whole  operation  :  the  more  water  there  is 
forced  into  o,  the  higher  the  plunger  is  lifled  up,  by  which  the 
substance  m  is  brought  into  a  smaJler  space. 

JP.  Every  time  the  handle  s  is  lifted  up,  the  water  rushes  in 
from  the  well  or  cistern,  and  when  it  is  brought  down,  the  water 
must  be  forced  into  the  cylinder.  The  power  of  this  engine  is 
only  limited  by  the  strength  of  the  materials  of  which  it  is  made, 
and  by  the  force  applied  to  it. 

Mr.  Walker  says,  a  single  man  working  at  s  can,  by  a  machine 
of  this  kindj  bring  hay,  cotton,  &c.,  into  twenty  times  less  com- 
pass than  it  was  before ;  consequently  a  yessel  carrying  light 
goods  may  be  made  to  contain  twenty  times  more  packages,  by 
means  of  the  hydraulic  press,  than  it  could  without  its  assist- 
ance. 

C  I  haye  heard  you  say  that  the  iron  tubes  of  the  great 
Menai  Bridge  were  lifted  into  tlieir  places  by  an  hydraulic 
press :  this  must  have  been  a  most  powerful  machine. 

F,  Indeed  it  was ;  it  is  the  largest  eyer  constructed.  The 
ram  is  20  inches  in  diameter,  and  has  a  stroke  of  6  feet.  It 
raised  a  dead  weight  of  1144  tons  one  lift  or  6  feet  in  half  an 
hour:  for  this  it  used  8H  gallons  of  water;  and  the  power 
employed  for  pumping  in  this  supply  was  a  small  steam-engine 
of  only  15  horse  power.  The  press  itself  weighs  60  or  70  tons, 
and  was  placed  aboye  the  tube,  which  was  suspended  from  it 
by  chains.  The  pressure  on  each  square  inch  of  the  pump  was 
about  4  tons,  and  is  sufficient  to  raise  a  column  of  water  about 
5^  miles. 
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CONVERSATION  L 

OP  THE  NATUSE  OF  AIB. 

Father  —  Charles  —  Emma. 

F,  The  branch  of  natural  philosophy  called  Pneumatics  treats 
of  the  nature,  weight,  pressure,  and  spring  of  the  air  we  breathe, 
and  of  the  several  effects  dependent  upon  these  properties. 

C.  You  told  us,  a  few  days  ago,  that  the  air,  though  invisible, 
is  a  fluid ;  but  it'  surely  differs  much  from  the  fluids  upon  which 
you  conversed,  when  treating  of  hydrostatics. 

F,  It  does  so ;  but  recollect  the  terms  by  which  we  defined 
a  fluid. 

C  You  distinguished  a  fluid  as  a  body,  the  parts  of  which 
yield  to  the  least  pressure. 

F,  The  air,  in  which  we  live  and  move,  will  answer  to  this 
definition.  Since  we  are  continually  immersed  in  it,  as  fish  are 
in  water,  if  the  parts  did  not  yield  to  the  least  force,  we  should 
be  constantly  reminded  of  its  presence  by  the  resistance  made 
to  our  bodies. 

E.  In  a  still,  calm  day,  when  one  can  scarcely  discern  a  single 
leaf  in  motion,  it  is  difficult  to  conceive  of  the  exbtence  of  such 
a  fluid ;  but  when 

IX>inB  ftt  onoe, 
FredDitaot,  desoendi  a  mingled  mMi 
Of  roirlng  winds,  (Xbouwot^s  Summer) 

no  doubt  can  remain  of  the  existence  of  some  mighty  unseen 
power. 

C  But  I  am  not  quite  satisfied  that  the  air  is  such  a  body  as 
you  have  described.  * 

JP.  I  do  not  wish  to  proceed  a  single  step  till  I  have  mad^ 
your  mind  easy  upon  this  head.  You  see  how  easily  these  gold 
and  silver  fish  move  in  the  water ;  can  you  explain  the  reason 
ofitP 

C  Is  it  not  by  the  exertion  of  their  fins  ? 

F,  A  fish  swims  by  the  help  of  his  fins  and  tail ;  and  fish  in 
general  are  nearly  of  the  same  specific  gravity  with  water.  Take 

p  3 
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away  the  water  from  the  vessel,  and  the  fish  would  have  still  the 
use  of  their  fins  and  tail,  at  least  for  a  short  period. 

E,  And  they  would  flounder  about  the  bottom. 

F.  Now  consider  the  case  of  birds,  how  they  fly ;  the  swallow, 
for  instance,  glides  as  smoothly  along  in  the  air  as  fish  do  in  the 
water ;  but  if  I  were  to  put  a  bird,  or  even  a  butterfly,  under  a 
plass  receiver,  however  large,  and  take  away  the  air,  they  would 
have  no  more  use  of  their  wings  than  fish  have  of  their  fins  when 
out  of  water.    You  shall  see  the  experiment  in  a  day  or  two. 

JS,  And  would  they  die  in  this  situation,  as  fish  die  when  taken 
from  their  natural  element,  the  water  ? 

F,  The  cases  are  precisely  similar.  Some  fish,  as  the  carp,  the 
eel,  and  almost  all  kmds  of  shell-fish,  will  live  a  considerable  time 
out  of  water ;  so  some  creatures,  which  depend  upon  air  for 
existence,  will  live  a  long  time  in  an  exhausted  receiver;  a 
butterfly,  for  instance,  will  fall  to  the  bottom,  apparentlv  lifeless ; 
but  admit  the  air  again  into  the  receiver,  and  it  will  revive ; 
whereas  experiments  have  been  made  on  mice,  rats,  birds,  rabbits, 
&c.,  and  it  is  found  that  they  will  live  without  air  but  a  very 
few  minutes. 

C,  Can  fish  live  in  water,  from  which  the  air  is  wholly  ex- 
cluded ? 

F.  The  air  is,  in  fact,  as  necessary  to  their  existence  as  it  is  to 
ours.  Besides  their  fins,  fish  have  tne  use  of  an  air-vessel,  which 
gives  them  fidl  command  of  their  various  motions  in  all  depths 
of  water,  which  their  fins  without  it  would  not  be  equal  to. 

JE,  What  do  you  mean  by  an  air-vessel  ? 

F.  It  is  a  small  bladder  of  air,  so  disposed  within  them,  that 
by  the  assistance  of  their  muscles,  they  are  able  to  contract  and 
dilate  it  at  pleasure.  By  contraction  they  become  specifically 
heavier  than  the  water,  and  sink ;  by  dilatation  they  are  lighter 
and  rise  to  the  surface  more  readily. 

C  Are  these  operations  effected  by  the  external  air  ? 

F.  Very  much  so :  for  if  you  take  away  the  air  from  the  water 
in  which  a  fish  is  swimming,  it  will  no  longer  have  the  power  of 
contracting  the  air-vessel  within,  which  will  then  become  so  ex- 
panded as  to  keep  it  necessarily  on  the  surface  of  the  water,  evi- 
dently to  its  great  inconvenience  and  pain. 

If  the  air-bladder  of  a  fish  be  pricked  or  broken,  the  fish  pre- 
sently sinks  to  the  bottom,  unable  either  to  support  or  raise  it- 
self up  again.  Flat  fishes,  as  soles,  plaice,  &c.,  which  always  lie 
grovelling  at  the  bottom,  have  no  air-bladder. 


CONVERSATION  IL 
0/lke  Air-Pamp. 

£,  You  hare  told  us,  papa,  of  taking  away  tbe  air  from  ^ 
will  jou  sliow  us  how  tbat  ig  performed  P 

F.  I  will ;  and  I  believe  it  will  be  the  most  conTincin" 
of  proving  to  jou  that  tiie  air  b  sneli  ii  bodjr  m  I  lie 
scribed. 

Thia  instrument  ie  called  an  air- 
pump,  and  ita  use  ia  to  exhaust  or 
draw  away  the  air  from  anj  vessel, 
as  the  glass  receiver  l  k. 

C.  Doea  tt  act  like  the  common 
pump  ? 

F.  So  much  so,  that,  if  you  com-      j|| 
prehend  the  nature  and  structure  of  ;<"^  ''-B 
the  one  you  will  find  but  little  diffi- 
culty- in   understanding   the   other 
I  will,  however,  describe  the  differ-  ^^*' '" 

ent  parts,  a  a  are  two  strong  brass  barrels,  within  each  of 
which,  at  the  bottom,  ia  fixed  a.  valve,  opening  upwards ;  these 
valves  communicate  with  a  concealed  pipe  ihat  leads  to  h.  The 
barrels  include  also  movable  pistons,  with  valves  opening  ufp- 
wards ;  in  fact,  just  as  the  valves  of  the  ordinary  pumps. 

E.  How  are  they  moved  ? 

F.  To  theupperpartaof  the  pittons  is  attached  raelcwork,  part 
of  which  JOU  see  at  c  G  :  these  rocks  are  moved  up  and  down  by 
means  of  a  little  cog-wheel,  turned  round  by  the  nandle  b. 

C.  You  turn  the  handle  but  half  way  round. 
F.  And  by  so  doing,  you  perceive  that  ooe  of  the  racks  rise* 
and  the  other  descends. 

E.  What  is  the  use  of  the  screw  v  P 

F.\l  serves  to  readmit  air  into  the  receiver  when  it  is  in  a  state 
of  exhaustion  ;  forwithoutauchacontrivancethe  receiver  could 
never  be  moved  out  of  its  place,  after  the  air  was  once  taken 
from  beneath  it;  but  you  shall  try  for  yourselves.  IlirstpJace 
a  slip  of  wet  leather,  or  a  little  ^ase,  under  the  edge  of  t\ve 
receiver,  because  the  brass  plate  is  liable  to  be  scratched,  an  d 
the  smallest  unevennesi  between  the  receiver  and  plate  would 

Erevent  the  success  of  our  experiment.    I  have  turned  the 
andle  but  a  few  times ;  try  to  take  away  the  receiver. 
C.  I  caunot  move  it. 

F,  I  dare  say  not ;  for  now  the  greater  port  of  the  air  is  taken 
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frcm  Txnd«r  the  reouTer.  coodet^TienclT  it  b  preacd  dowa  witb 
the  weij^c  01  ;kie  isai»:tfp2uir±  on  cae  ouuide. 

£.  iViT  expUin  hii?w  the  axr  was  taken  swmj. 

/*.  Bj  comizuz  the  wizurh  b  hail*  wxj  roond  I  raited  one  of  tbe 
pbtocu.  led  there&T  I^n  x  Tjcaoai  in  the  lower  port  of  the  boivd, 
aiki  a  pcrtioa  ot'  tiie  air  in  the  nsceiTer  mahod  throogk  tbe  pqie 
into  tths  empcT  borreL  I  then  turned  the  wiock  tke  other  wmy, 
which  raxseii  the  other  piscoa  :  and  a  ▼acnvm  wooU  be  left  m 
that  barrel  did  not  anocher  ponzon  of  air  msh  fioa  the  leceiTer 
into  it. 

C.  ^Vhen  the  first  piston  descended,  did  the  air  in  the  bend 
open  the  little  Talre,  and  ewape  bj  the  rack  c  ? 

F.  It  did :  and  hj  the  alternate  working  of  the  pialoiM,  foamdi 
of  the  air  is  taken  awaj,  that  the  qoantitT  left  hea  not  fime 
enough  to  raise  the  ralre. 

C.  Cannot  tou  take  all  the  air  from,  the  receirer  ? 

F.  Not  bj  means  of  the  air^pnmpL 

£.  Wha:  is  the  reason  that  a  met  cones  on  the  inside  of  the 
glass  receiTer  while  the  air  is  exhaosting  ? 

F.  The  mist  is  watery  Tapoor.  The  air  is  nerer  absolntdj 
drr :  it  alwajrs  contains  more  or  less  water :  according  to  the 
temperature  or  the  degree  of  rarefaction,  it  is  able  to  take  up  a 
certain  quantitr,  and  retain  it  in  an  inrisible  fomn. ;  but  if  this 
quantitj  be  exceeded,  it  is  manifested  in  the  form  of  Ti^Mrar. 
in  winter,  for  instance,  when  jour  breath  mixes  with  the  cold 
air,  the  water  giren  off  in  jour  breath  becomes  yisible,  beeanae 
the  breath  is  chilled,  and  cannot  then  retain  so  much  water  in 
solution  :  in  summer,  jou  do  not  see  jour  breath.  So,  in  the 
present  case,  the  air  before  the  pumping  commenced  has  in  it  no 
more  water  than  it  could  dissolTe  in  an  inTisible  state ;  bat  ai 
the  pumping  made  the  remaining  air  more  rarefied,  it  could  not 
dissolve  the  same  proportion  of  water.  It  is  explained  bj  the- 
sudden  expansion  of  tne  air  that  is  left  in  the  receiTer. 

C.  You  hare  not  told  us  the  use  of  the  smaller  receiTer  w, 
with  the  bottle  of  qoicksilTer  within  it. 

F,  Bj  means  of  the  concealed  pipe  there  is  a  cornmunicatioii 
between  this  and  the  large  receiver,  and  the  whole  is  intended 
to  show  to  what  degree  the  air  in  the  large  receiver  is  exhausted. 
It  is  called  the  small  barometer-gauge,  the  meaning  <^  which 
JOU  will  better  understand  when  the  structure  of  the  barometer 
IS  explained.  I  will  now  diow  jou  an  experiment  or  two^  by 
wbicn  the  resistance  of  the  air  is  cleari j  demonstrated. 

E,  Are  these  mills  for  the  purpose  P 

F.  Yes,  thej  are .  the  macoine  consists  of  two  sets  of  Tanes,  a 
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end  b,  made  eqnaltj,  and  to  move  on  theb 

axes  with  the  lame  freedom. 

C.  But  the  vanes  of  oare  placed  breadlh- 
■w'ue,  and  those  of  b  are  edgewise. 

P.  Thej  are  so  placed  to  exhibit  in  a 
striking  nianner  the  reBistanue  of  the  atmo- 
sphere ;  for  as  the  little  mill  b  turns,  it  is 
resiited  onlj  in  a  small  degree,  and  will  go 
round  a  much  longer  time  than  tbe  other, 
which,  in  its  revolutiouB,  meeta  the  air  with 
its  whole  surface.  Bj  means  of  the  spring 
cresting  against  the  slider  ij  io  each  mill, 
the  vanes  are  kept  fixed.  nj.i. 

E.  Shall  I  push  down  the  sliders  f 

F.  Do  so ;  Tou  see  that  both  set  offwitb  equal  velocifie*. 

C.  The  mill  a  is  evidentlj  declining  in  Ewxflnew,  while  the 
other  goes  on  as  quickly  as  ever. 

J*.  Not  quite  so ;  for  in  a  few  mmutes  jou  will  find  them  bollt 
Bt  rest. 

Now  we  will  place  tliem  under  the  receiver  of  the  air-piumii ; 
and  b;  a  little  contrivance,  we  shall  be  able  to  set  the  mills  in 
motion  al^r  the  air  is  exhausted  from  the  receiver ;  and  then, 
M  there  is  no  sensible  resistance  agunst  them,  they  will  both 
move  round  a  considerable  time  longer  than^e?  dia  in  the  open 
air,  and  the  instant  that  one  stopa  the  other  will  stop  also. 

E.  This  experiment  clearl;  shows  the  resisting  power  of  the 
air. 

F,  It  shows  also  that  its  resistance  is  in  proportion  to  the  sur- 
face opposed  to  it :  for  the  vane  which  met  and  divided  the  air 
b  J  the  edge  onl  j  continued  to  move  the  longest,  while  they  were 
both  expiwed  to  it;  but  when  that  is  removed,  they  both  stop 
together,  because  there  is  nothing  now  to  retard  their  motion 
but  the  friction  on  the  pivots,  which  is  the  same  in  both  cases. 
Take  this  shilliDg  and  a  feather  :  let  them  both  drop  Irom  jour 
band  at  the  same  instant. 

C.  The  shilling  is  soon  at  rest  at  my  feet,  bat  the  feather  con- 
tinues floating  abouL  Is  the  feather  specifically  lighter  than 
airP 

F.  No :  for  if  it  were  it  would  ascend  till  it  found  the  air  no 
heavier  than  itself;  whereas,  in  a  minute  or  two,  you  will  sea 
the  feather  on  the  floor  as  well  as  the  shilling :  it  is,  however, 
BO  light,  and  presents  so  large  a  surface  to  the  air,  in  comparisoa 
to  its  weight,  that  it  is  considerably  longer  in  falling  to  the 
ground  than  heavier  bodies,  such  as  a  shilling  or  a  guinea.  Take 
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awaj  tbe  resutiag  mediam,  and  thej  will  both 
reach  the  botbm  at  once. 

E.  How  will  jou  do  that? 

F.  Upon  this  brass  flip  I  place  (he  shilling 
and  the  feather,  and  having  turned  up  ttie  flap, 
and  shnt  it  into  a  small  noU:h,  I  fix  the  whole 
in  a  small  recover,  with  *  piece  of  wet  lealiier 

.  between  tbe  receiTcr  and  brass.  I  will  now 
eihaast  the  air  from  under  the  receiver,  by 
placing  it  over  the  air-pomp,  and  if  I  turn  the 
wire  f  a  little,  the  flap  will  slip  down,  snd  the 
shilling  and  feather  will  fall  with  ei{ua]  velo- 

C.  Thej  arc  both  at  the  bottom,  but  I  did 
not  see  them  fall. 

F.  While  I  repeat  the  experiment,  yon  n 
look  steadfastly  to  the  bottom,  becsuse  tbe  n' 
tion  is  too  rapid  and  the  distance  too  small  1 
yon  to  trace  their  motion  ;  but,  by  keeping  your  "*'  *" 

■    eye  at  the  bottom,  you  will  see  the  feather  and  shilling 
arrive  at  tbe  same  instant 

In  this  glass  tube  is  snme  water,  but  the  air  is  takeit 
I  awar,  and  the  glass  completely  closed.  Turn  it  np  quickly, 
so  that  the  water  may  fall  on  the  other  end. 

E.  It  makes  a  noise  like  the  stroke  of  a  hammer. 

F.  And  for  that  reason  it  is  usually  called  the  philoso' 
'   phical  hammer.     The  noise  is  occasioned  through  the  want 

"*'  *■  of  air  to  break  tbe  fall :  for  if  I  take  another  glass,  in  all 
respects  like  it,  but  having  the  air  inclosed  in  it,  as  well  as  water, 
you  may  turn  it  as  often  as  yon  please  with  hardly  any  noise- 

C.  Ferbapt  the  air  breaks  Ae  fall  of  the  water  by  dividing  its 
particles. 

F.  It  acts,  wijh  respect  to  water,  as  water  acts  with  regard  to 
the  fall  of  any  other  substance  thrown  into  it ;  it  impedes  the 
Telocity  of  the  falling  body. 


CONVERSATION  III. 
Of  the  Torricellian  Experiment. 


C  If,  b^  means  of  the  wr-pump,  you  cannot  perfectly  et- 
iBHSt  the  air  from  any  vessel,  by  win  '  ■■...'. 

F.  If  I  fill  this  glass  tube,  which  is 


6  inches  long,  with  mer- 
cury, and,  having  placed  my  finger  on  the  end  to  prevent  the 
mercury  escaping,  thrust  it  into  a  cup  of  mercury,  you  will 
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observe  that  some  of  the  mercury  runs  out,  and  six  or  seven 
inches  of  the  tube  are  left  free  of  mercury.  There  is  no  air 
present  in  that  space  except  the  small  portion  that  has  been 
present  among  the  mercury.  But  if,  further,  I  had  taken. the 
precaution  to  have  boiled  the  mercury,  both  before  placing  it 
m  the  tube,  and  also  when  in  the  tube,  so  as  to  have  expelled 
from  it  all  air,  the  space  would  be  free  of  air,  and  thus  far  a 
perfect  vacuum. 

S.  Could  not  the  air  get  in  when  you  took  away  your  thumb  ? 

F.  You  saw  that  1  did  not  remove  my  thumb  till  the  open 
end  of  the  tube  was  wholly  under  the  quicksilver ;  therefore  no 
air  could  get  into  the  tube  without  first  descending  through 
the  quicksilver:  now  you  know  that  a  lighter  fluid  will  not 
descend  through  one  that  is  heavier,  and,  consequently,  it  is 
impossible  that  any  air  should  be  in  the  upper  part  of  the  tube, 
if  the  qui<jksilver  were  carefully  purified  beforehand. 

C  \Vhat  makes  the  quicksilver  stand  at  that  particular 
height  ? 

F,  Before  I  answer  this,  tell  me  the  reason  why  water  cannot 
be  raised  by  means  of  a  common  pump  higher  than  about  32  or 
33  feet  ? 

C,  Because  the  pressure  of  the  atmosphere  is  equal  to  the 
pressure  of  a  column  of  water  so  many  feet  in  height.* 

F.  And  the  pressure  of  a  column  of  quicksilver  29  or  30 
inches  long,  a  little  more  or  less,  according  to  the  variation  of 
the  air,  is  equal  to  the  pressure  of  a  column  of  water  32  or  33 
feet  high,  and  consequently  equal  to  the  pressure  of  the  whole 
height  of  the  atmosphere. 

jB,  Is  then  the  mercury  in  the  tube  kept  suspended  by  the 
weight  of  the  air  pressing  on  that  in  the  cup  ? 

F.  It  is. 

F.  If  you  could  take  away  the  air  from  the  cup,  would  the 
quicksilver  descend  in  the  tube  ? 

i^.  If  I  had  a  receiver  long  enough  to  inclose  the  cup  and  tube, 
and  were  to  place  them  on  the  air-pump,  you  would  see  the 
effect  that  a  smgle  turn  of  the  handle  would  have  on  the  mer- 
cury ;  and,  after  a  very  few  turns,  the  quicksilver  in  the  tube 
would  be  nearly  on  a  level  with  that  in  the  cup. 

I  can  show  you,  by  means  of  this  syringe,  that  the  suspension 
of  the  quicksilver  m  the  tube  is  owing  to  nothing  but  the 
pressure  of  the  air. 

C  What  is  the  structure  of  the  syringe? 

F.  If  you  understand  in  what  manner  a  common  water-squirt 
acts,  you  will  be  at  no  loss  about  the  syringe,  which  is  made 
like  it. 

•  Bm  Hydrostatic*,  Conrenatlon  XXII. 
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C  By  dipping  the  small  end  of  a  squirt  in  water,  and  lifUngf 
up  the  handle,  a  vacuum  is  made,  and  then  the  pressure  of  the 
the  air  on  the  surface  of  the  water  forces  it  into  the  s^^u^ 

F,  That  is  the  proper  explanation.  Tnis  vessel 
D,  containing  some  quicksilver,  and  the  small  tube 
fi^y^  38  inches  long,  open  at  both  ends,  immersed  in 
it,  are  placed  under  a  large  receiver  ab  ;  the  brass 
plate  c,  put  upon  it  with  a  piece  of  wet  leather, 
admits  tne  small  tube  to  pass  through  it  at  e.  I 
will  now  screw  the  syringe  h  on  the  tube  gf^  and, 
by  lifting  up  the  handle  i,  a  partial  vacuum  is  made 
in  the  tube ;  consequently  the  pressure  of  the  air  in 
the  receiver  upon  the  mercury  in  the  cup  d  forces 
it  up  into  the  little  tube  as  hiffh  as  x,  just  in  the 
same  manner  as  water  follows  &q  piston  in  a  com- 
mon pump. 

E,  But  is  not  this  rise  of  the  quicksilver  in  the 
tube  owing  to  the  suction  of  the  syringe  ? 

F,  To  prove  to  you  that  it  is  not,  I  place  the 
whole  apparatus  over  the  air-pump,  and  exhaust 
the  air  out  of  the  receiver  a  b.  This  operation,  you 

Fig.  6.  must  be  sensible,  has  not  the  smallest  effect  on  the 
ur  in  the  syringe  and  little  tube ;  but  you  nevertheless  observe, 
that  the  mercury  has  again  fallen  into  the  cup  p;  and  the  syringe 
might  now  be  worked  for  ever  without  raising  the  mercury  in 
the  tube ;  but  admit  the  air  into  the  receiver,  and  its  action  upon 
the  surface  of  the  quicksilver  in  the  cup  will  force  }t  instai^tly 
into  the  tube. 

This  is  called  the  Torricellian  experiment,  in  honour  of  Torri- 
celli,  a  learned  Italian,  and  a  disciple  of  Galileo,  who  invented 
it,  and  who  was  the  first  person  that  discovered  the  pressure  #nd 
weight  of  the  air. 


CONVERSATION  IV. 
Of  the  Pressure  of  (he  Air* 

C  It  seems  very  surprising  that  the  air,  which  is  invisible, 
should  produce  such  effects  as  you  have  describ^. 
F.  You  have  seen  some  effects  in  proof  of  this ; 
you  shall  now  fed  some  proof.  Place  thi^  glass 
A  B,  open  at  both  ends,  over  the  hole  of  the  pump 
plate,  and  lay  your  hand  close  upon  the  top  b, 
while  I  turn  &e  handle  of  the  pump  a  few  tiioes. 
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C  It  hurts  me  very  much  :  I  cannot  take  mj  hand  awaj. 

F.  By  letting  in  the  air  I  have  released  you.  The  pain  was 
occasioned  by  the  pressure  of  the  air  on  the  outside  of  your 
hand,  that  being  taken  away  from  under  it  which  served  to 
counterbalance  its  weight. 

This  is  a  larger  ^lass  of  the  same  kind ;  over  the 
large  end  I  tie  a  piece  of  wet  ladder,  b,  very  tight, 
and  will  place  it  on  the  pump,  and  take  the  air 
from  under  it. 

£.  Is  it  the  weight  of  the  air  that  bends  the 
bladder  so  much  ? 

F,  Certainly :  and  if  I  turn  the  handle  a  few 
more  times  it  will  burst. 

C,  It  has  made  a  report  as  loud  as  a  gun. 

F,  A  piece  of  thin  flat  glass  may  be  broken  in 
the'  same  manner.  Here  is  a  glass  bubble  with  a 
long  neck ;  which  I  put  into  a  cup  of  water  b,  and 
place  them  under  a  receiver  on  the  plate  of  the 
air-pump,  and,  by  turning  the  handle,  the  air  is  not 
only  taken  from  the  receiver,  but  that  in  the  hollow 
glass  ball  will  make  its  way  through  the  water  and 
escape. 

JS.  Is  it  the  air  which  occasions  the  bubbles  at  the  surface  of 
the  water  ? 

F,  It  is.  Now  the  J)ubbling  is  stopped,  and  therefore  I 
know  that  as  much  of  the  air  is  taken  away  as  can  be  got  out 
by  means  of  the  pump.  The  hollow  ball  is  still  empty ;  but  by 
turning  the  screw  V  of  the  pump  (fig.  1.),  the  air  rushes  into 
the  receiver  and  presses  upon  the  water,  thereby  filling  the  ball 
with  the  fluid. 

C  It  is  not  quite  full. 

F,  That  is  because  the  air  could  not  be  perfectly  exhausted, 
and  the  little  bubble  of  air  at  the  top  is  woat,  in  its  expanded 
state,  filled  the  whole  glass  ball,  and  now,  by  the  pressure  of 
the  external  air,  it  is  reduced  into  the  size  you  see  it. 

Another  very  simple  experiment  will  convince 
you  that  suction  has  nothing  to  do  with  these  ex- 
periments. On  the  leather  of  the  air-pump,  at  a 
little  distance  from  the  hole,  I  place  lightly  this 
small  receiver  x^  and  pour  a  spoonful  or  two  of 
water  round  the  edge  of  it.  I  now  cover  it  with  a 
larger  receiver  a  b,  and  exhaust  the  air. 

S.  I  see  by  the'  bubbles  round  the  edge  of  the 
small  receiver  that  the  air  is  making  its  way  from  under  it. 


Fig.  9. 


F.  I  hftTe  prettj  well  rrhtmffd  all  the  air ;  caa  jom  Bare 
the  lar]|e  receiTer  ? 

C  No;  bat  bj  duking  the  pomp  I  aee  the  Utile  one  is 


F.  The  lar;«e  one  is  rendered  immoTable  bj  the  ptcwue  of 
the  external  air.  Bat  the  air  bein^  takea  £raaa  tike  inside  of 
both  glasMS,  there  is  noching  to  fasten  dovn  the 


E»  But  if  suction  bad  anjihing  to  do  with  this  ^*"«Tffff^  Ae 
little  reeeiTer  would  be  last^  as  well  as  the  other. 

F,  Tom  the  screw  t  of  the  air-pump  {fi^.  1.)  qnicklj.  Yo« 
hear  the  air  rushing  in  with  Tiolenoe. 

C  And  the  large  receirer  is  loosened  again. 

F.  Take  awaj  the  smaller  one,  Emma. 

F.  I  cannot  more  it  with  all  mj  strength. 

F.  Xor  could  jou  lift  it  up  if  jou  were  mndi  stronger  than 
joa  are.  For  hj  admitting  the  wa  tctj  ^leedilj  into  the  laige 
reoeirer,  it  pressed  down  the  little  one  beune  any  air  could  set 
nndenie^Vt.  J  S=» 

C.  Besides,  I  imagine  jou  put  the  water  round  the  e^e  of 
the  glass  to  prerent  the  air  from  rushing  between  it  and  the 
leather. 

F^  You  are  right ;  for  air,  being  the  l^ter  fluid,  could  not 
descend  through  the  lajer  of  water  in  order  to  ascend  into  the 
reoeiyer.    Could  suction  produce  the  effect  in  this  expermient  ? 

C  I  think  not ;  because  the  little  receirer  was  not  fixed  till 
after  what  mi^ht  be  thought  suction  had  ceased  to  act. 

F.  How  will  JOU  get  the  small  <me  awaj  ? 

^.  As  I  cannot  raiMe  it,  I  must  slide  it  OTer  the  hcde  in  the 
brass  plate;  and  now  the  air  gets  under  it,  there  is  not  the 
smallest  difficulty. 


COXVERSATIOX  V. 
Of  Ike  Presnare  of  Ike  Air. 

C.  I  think  I  know  an  instance  in  which  suction  operates.  It 
is  an  experiment  that  I  have  made  manj  times. 

I  fasten  a  string  in  the  centre  of  a  round  piece  of  leather, 
which  has  been  thoroughly  soaked  in  water,  I  press  it  on  a 
flat  stone,  and  by  pulling  at  the  string  the  leather  draws  up  the 
stone,  although  it  be  not  more  than  two  or  three  inches  in 
diameter,  and  the  stone  weighs  several  pounds.  Surely  this  is 
suction. 

F.  I  should  say  so  too,  if  I  could  not  account  for  it  by  the 
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pressure  of  the  atmosphere.  By  pressing  thie  wet  leather  on  the 
stone  jou  displace  the  air,  then  by  pulling  the  string  a  vacuum 
is  lefl  at  the  centre,  and  the  pressure  of  the  air  about  the  edges 
of  the  leather  is  so  great,  that  it  requires  a  greater  power  than 
the  gravity  of  the  stone  to  separate  them. 

I  have  seen  you  drink  water  from  a  spring  by  means  of  a  hollow 
straw. 

E.  Yes ;  that  is  another  instance  of  what  we  have  been  ac- 
customed to  call  suction. 

F.  But  now  you  know  that  in  this  operation  you  make  a 
syringe  with  the  straw  and  ;^our  lips,  and  by  drawing  in  your 
breath  you  cause  a  vacuum  in  the  nollow  straw  tube,  and  the 
pressure  of  the  air  on  the  water  in  the  spring  forces  it  up  through 
the  straw  into  the  mouth. 

C  I  cannot,  however,  help  thinking  that  this  looks  like  suc- 
tion, for  the  moment  I  cease  the  drawing  in  my  breath,  the 
water  ceases  to  rise  in  my  mouth. 

F,  That  is,  when  there  is  no  longer  a  vacuum  in  the  straw, 
the  pressure  within  is  just  equal  to  that  without,  and  conse« 
quentl^  the  water  will  rest  at  its  natural  level. 

I  will  show  you  another  striking  in- 
stance of  the  effects  of  the  air^s  pressure. 
This  instrument  is  called  the  tramtferrer. 
The  screw  c  fits  on  the  plate  of  the  air- 
pmnp,  and  by  means  of  the  stopcocks  o 
and  u,  I  can  take  away  the  air  from  both 
or  either  of  the  receivers  i,  k  at  pleasure. 

JE7.  Is  there  a  channel  then  running 
from  c  through  dab,  and  thence  passing 
to  the  receivers  ? 

F,  There  is.    I  will  screw  the  whole 
on  the  air-pump,  and  turn  the  cock  o, 
so  that  there  is  now  no  communication 
from  c  to  the  internal  part  of  the  re- 
ceiver I.    At  present  you  observe  that  both  the  receivers  are 
perfectly  free.    By  turning  the  handle  of  the  pump  a  few  times, 
the  air  is  taken  away  from  the  receiver  k,  and,  to  prevent  its 
re- entrance,  I  turn  the  stopcock  d.    Try  if  you  can  move  it. 
C,  I  cannot ;  but  the  other  is  loose. 

F,  The  pressure  of  the  atmosphere  is  evidently  the  same  on 
the  two  receivers ;  but  with  regard  to  the  glass  i,  the  pressure 
within  is  equal  to  that  without,  and  the  glass  is  free :  in  the 
other,  the  pressure  from 'within  is  taken  away,  and  the  glass  is 
fixed.  In  this  state  of  the  experiment  you  are  satisfied  that 
there  is  a  vacuum  in  the  receiver  k.    By  turning  the  cq^Vl^^V 


Fig.  10. 
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open  a  communication  between  the  two  receiyen,  and  yofOL  hear 
the  air  that  was  in  i  rush  through  the  channel  a  b  into  k  Now 
try  to  move  the  glasses. 
£.  They  are  &>th  fixed ;  how  is  this  P 
F^  The  air  that  was  inclosed  in  the  glass  i  is  equally  cUffused 
between  the  two,  consequently  the  internal  pressure  of  neither 
is  equal  to  the  external,  and  therefore  they  are  both  fixed  by 
the  excess  of  the  external  pressure  over  the  internal.  In  this 
case  it  could  not  be  suction  that  fixed  the  glass  i,  for  it  was  free 
long  after  what  might  have  been  thought  suction  had  ceased  to 
act. 

C  What  are  thase  brass  cups  P 

F,  They  are  called  the  Magdebowrg 
hemispheres ;  I  will  bring  the  two,  b  a 
(fig.  11.)  together,  with  wet  leather 
between  them,  and  then  screw  them  by 
D  to  the  plate  of  the  air-pump ;  ana, 
having  exhausted  the  air  from  the  in- 
side, I  turn  the  stopcock  b,  take  them 
from  the  pump,  and  screw  on  the  handle 
See  if  you  two  can  separate  them. 
£,  We  cannot  stir  them. 
F,  If  the  diameter  of  these  cups  were 
four  inches,  the  pressure  to  be  overcome  would  be  equal  to 
180  lbs.  I  will  now  hang  them  up  in  the  receiver  and  exhaust 
the  air  out  of  it  (fig.  12.),  and  you  see  they  separate  without  the 
application  of  any  force. 

C  Now  there  is  no  pressure  on  the  outside,  and  therefore  the 
lower  cup  falls  off"  by  its  own  gravity. 

F,  With  the  steelyard  (fig.  13.)  you  may  try  very  accurately 
to  what  weight  the  pressure  of  the  atmosphere  agunst  the  cups 
is  equal.* 

Ja,  For  when  the  weight  w  is  carried  far  enough  to  overcome 
the  pressure  on  the  cup,  it  lifts  up  the  top  one. 

F.  1  have  exhausted  the  air  of  this  receiver  h  (fig.  14.),  con* 
sequently  it  is  fixed  down  to  the  brass  plate  i ;  to  the  plate  is 
joined  a  small  tube  with  a  stopcock  x;  by  placing  the  lower  end 
of  the  tube  in  a  basin  of  water,  and  turning  the  cock,  the 
pressure  of  the  atmosphere  on  the  water  in  the  htain  forces  it 
through  the  tube  in  the  form  of  a  fountain.  Tbls  is  called  the 
fountain  in  vacuo. 

To  the  little  square  bottle  Ab  (fig.  15.)  is  cemented  a  screw 
valve,  by  which  I  can  fix  it  on  the  plate  of  the  air-pump,  and 


Fig.  11. 


•  The  principle  of  the  steelyaxd  k  ezpUined  in  Mechuiios,  CoirrBmithm  ZY. 
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Fig.  14. 


Fig.  16. 


exhaust  its-  air ;  and  you  "will  see  that  when  there  is  no  power 
within  to  support  the  pressure  of  the  atmosphere  from  without, 
it  will  be  broken  into  a  thousand  pieces. 

C.  Why  did  you  not  use  a  round  phial  ? 

F,  Because  one  of  that  shape  would  have  sustained  the  pres- 
sure like  an  arch. 

^.  Is  that  the  reason  why  the  glass  receivers  are  able  to  bear 
such  a  weight  without  breaking  ? 

J^.  It  is.  If  mercury  be  poured  into  a  wooden  cup  c, 
made  of  willow  or  ash,  or  a  stem  of  thorn,  and  the  air, 
taken  from  under  it,  the  mercury  will,  by  the  weight  of 
the  external  air,  be  forced  throuffh  the  pores  of  the 
wood,  and  descend  like  a  shower  of  rain. 

C.  This  is  a  very  interesting  and  beautiful  experi- 
ment ;  proving  satisfactorily  the  great  pressure  of  the 
atmosphere. 

F.  But  there  is  a  far  more  astounding  illustration  than  this 
in  the  Atmospheric  Railway. 

C.  Oh,  papa !  I  am  so  glad  you  mention  that ;  for  I  have  so 
often  wished  to  know  why  it  is  called  Atmospheric  Railway. 

F,  You  will  soon  see  why,  when  I  have  described  it.  1  ou 
noticed  how  the  pressure  of  the  atmosphere  burst  the  bladder 
(fig.  6.)  as  soon  as  I  had  removed  the  air  from  the  other  side 
of  the  bladder ;  I  will  now  make  a  somewhat  similar  experiment 
by  placing  a  glass  tube  on  the  air-pump  with  a  well-shaped 
cork  in  its  upper  end ;  you  see  what  nappens :  as  soon  as  I  take 
away  air  from  below  the  cork,  the  pressure  of  the  atmosphere 
forces  the  cork  into  the  tube,  and  it  moves  along  on  the  inside 
until  it  reaches  the  lower  end.  Now  if  the  sutface  of  the  cork 
had  been  a  square  inch,  and  there  had  not  been  much  frictioDf 
with  what  force  would  it  have  been  driven  down  ? 
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C  With  a  pressure  equal  to  15  lbs. 

JF*.  Yes ;  and  theiefore  it  could  have  drawn  along  a  weight  of 
15  lbs.  But  if  this  weight  were  placed  on  wheels,  and  the 
wheels  moved  on  a  smooth  surface,  it  could  have  been  moved 
far  more  readilj^on  account  of  the  favourable  manner  of  apply- 
ing the  force.  Here,  then,  you  have  the  atmospheric  railway 
in  miniature. 

C  Yes,  papa ;  but  then  it  must  require  a  very  large  tube  to 
draw  a  tram  of  carriages  weighing,  as  they  do,  many  tons; 
because  the  pressure  is  still  only  I5lb&  on  a  square  inch  when 
there  is  a  perfect  vacuum. 

JF*.  I  am  pleased  to  hear  these  objections,  because  it  shows 
that  you  understand  the  subject ;  now  it  is  found  that  a  force 
of  less  than  20  lbs*  will  move  a  ton  on  wheels  on  a  smooth  surface 
like  a  railroad,  so  that  you  have  merely  to  set  the  area  of  the 
piston  and  divide  by  20,  and  you  get  a  rough  idea  of  the  number 
of  tons  that  can  be  drawn. 

E,  But,  dear  papa,  it  is  all  very  easy  to  understand  the  cork 
being  drawn  along  in  the  glass  tube,  and  pulling  after  it  any- 
thing attached ;  but  how  can  a  piston  moving  in  a  tube  a  mile 
or  two  in  length  be  attached  to  the  carriages? 

J^,  You  have  visited  the  Polytechnic  and  seen  the  model 
there ;  and  took  a  trip  to  Croydon  when  the  atmo^heric  line 
existed.  Between  the  rails  is  fixed  an  iron  tube  18  inches  in  dia- 
meter ;  a  slit,  an  inch  or  two  wide,  passes  along  the  upper  side 
of  the  groove.  This  slit  is  closed  by  a  leathern  flap  armed  with 
metal,  which  is  fixed  to  one  side  of  the  slit  by  a  kind  of  hiuffe, 
and  shuts  upon  the  other  like  a  door.  Charles,  go  outside  the 
door  and  thrust  in  my  cane,  while  Emma  shuts  the  door  upon 
the  cane ;  now  move  the  cane  up  and  down,  and  if  Emma  holds 
it,  her  hand  is  moved  by  you :  now  fancy  Charleses  hand  to  be 
the  piston,  and  Emma*^  to  be  the  first  carriage,  and  you  get  some 
idea  of  the  mode  of  applying  the  force. 

C  Aye,  papa,  now  I  see.^  but  our  parlour  door,  or  valve,  for 
doors  are  just  like  valves,  and  are  sometimes  called  so,  being  of 
wood,  is  open  all  the  way ;  but  the  leather  valve  would  be  open 
only  a  little  on  each  side  the  piston ;  so  that  a  very  little  ma- 
nagement would  keep  the  tube  air-tight. 

j^.  This  is  not  the  only  valve  that  has  been  proposed,  but  I 
believe  is  the  only  one  which  is  actually  worked.  I  suppose  I 
need  scarcely  tell  you  that  the  air  is  exhausted  by  large  air- 
pumps,  worked  by  steam-engines. 
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CONVERSATION  VI, 

Of  the  Weight  of  Air. 

E,  We  have  seen  the  surprising  effects  of  the  air*s  pressure ; 
are  there  any  means  of  obtaining  the  e;X,9JCt  weight  of  air? 

F,  If  you  do  not  require  any  very  great  nicety,  the  method 
is  very  simple. 

This  Florence  flask  is  fitted  up  with  a 
screw,  and  a  fine  oiled  silk  valve  at  d.  I 
will  now  screw  the  flask  on  the  plate  of  the 
fur-pump,  and  exhaust  the  air.  You  see,  in 
its  present  exhausted  state,  it  weighs  3  ounces 
and  5  grains. 

C  Uannot  the  air  get  through. the  silk  ?  ^^ 

F.  The  dlk,  beins  varnished  with  a  kind 
of  oily  substance,  is  impenetrable  to  air ;  and  being  exhausted, 
the  pressure  upon  th^  outside  effectually  prevents  the  entrance 
of  the  air  by  the  edges  of  the  silk ;  but  if  I  lift  It  up  by  means 
of  this  sewing-needle,  you  will  hear  the  air  rush  in. 

E,  Is  that  hissing  noise  occasioned  by  the  re-entrance  of  the 
air? 

i^.  It  is ;  and  when  that  ceases,  you  may  be  sure  the  air 
within  the  bottle  is  of  the  same  density  as  that  without. 

C  If  I  weigh  it  again,  the  difference  between  the  weight  now, 
and  when  you  tried  it  before,  is  the  weight  of  the  quantity  of 
air  contained  in  the  bottle :  it  weighs  very  accurately  3  ounces 
19^grains,  consequently  the  air  weighs  14^  grains. 

F,  And  the  flasK  holds  a  quart,  wme  measure. 

E,  Does  a  quart  of  air  always  weigh  14^  grains  ? 

F,  The  weight  of  the  air  is  perpetuallv  changing ;  therefore, 
though  a  quart  of  it  collected  on  tne  surrace  of  uie  earth  weishs 
to-day  14^  grains,  the  same  quantity  may,  in  a  few  hours,  weigh 
14^  grains,  or  perhaps  only  14  grains,  more  or  less. 

C  You  intimated  that,  in  weighing  the  air,  the  flask  could 
not  be  depended  upon,  if  great  nicety  were  required  ;  what  is 
the  reason  of  that  ? 

F,  I  told  you,  when  explaining  the  operations  of  the  air-pump, 
that  it  was  impossible  to  obtain,  by  means  of  that  instrument,  a 
perfect  vacuum.  The  want  of  accuracy  in  the  flask  experiment 
depends  on  the  small  quantity  of  air  that  is  left  in  the  vessel 
after  the  exhaustion  is  carried  as  far  as  it  will  ^o :  this,  however,' 
if  the  pump  be  good,  will,  after  12  turns  of  the  handle,  be  lew 
than  the  4000th  part  of  the  whole  quantity. 

E,  How  do  you  know  this  ? 

«2 
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F.  You  seem  unwilling  to  take  anything  upon  my  word ;  and 
in  subjects  of  this  kind  you  do  right  never  to  rest  satisfied  with- 
out a  reason  for  what  is  asserted. 

I  sup])ose,  then,  each  of  the  barrels  of  the  air-pump  is  equal 
in  capacity  to  the  flask ;  that  is,  each  will  contain  a  quart ;  ihen 
it  is  evident,  that  by  turning  the  handle  of  the  pump,  I  exhaust 
all  the  air  of  one  barrel,  and  the  air  in  the  flask  becomes  at  the 
same  time  equally  diffused  between  the  barrel  and  flask ; 
that  is,  the  quart  is  now  divided  into  two  equal  parts,  one  of 
which  is  in  the  flask,  and  the  other  in  the  barrel.  By  the  same 
reason,  at  the  next  turn  of  the  handle,  the  pint  in  the  flask  will 
be  reduced  to  half  a  pint ;  and  so  it  will  go  on  decreasing,  by 
taking  away  at  every  turn  one  half  of  the  quantity  that  was  leu 
in  by  the  last  turn ;  and  after  the  second,  third,  and  fourth 
turns,  it  is  four,  eight,  and  sixteen  times  as  rare  as  it  was  when 
you  began  ;  and  after  the  twelfth  turn  it  is  4096  times  more  rare 
than  it  was  at  first;  so  that  the  error  is  only  equal  to  the 
4096th  part  of  the  whole,  which  quantity  may,  ia  reasoning  on 
the  subject,  be  overlooked. — I  will  exhaust  the  flask  ag^ain  of  its 
air,  and,  putting  the  neck  of  it  under  water,  I  will  lifl  up  the 
silk  valve  and  fill  it  with  water.  Now  dry  the  outside  very 
thoroughly  and  weigh  it. 

C  It  weighs  27  ounces. 

F.  Subtract  the  weight  of  the  flask,  and  reduce  the  reminder 
into  grains,  and  divide  by  14^,  and  you  will  obtain  the  specific 
gravity  of  water  compared  with  that  of  air. 

C,  I  have  done  it,  and  obtain  something  more  than  800. 

F.  At  the  temperature  of  32°,  with  the  barometer  standing 
at  30  inches,  it  has  been  found  by  accurate  experiments,  that 
water  is  773  28  times  heavier  than  air. 

Can  you  tell  me  what  the  air  in  this  room  weighs?  the 
length  of  the  room  is  25  feet,  the  height  10^,  and  the  width  12^. 

E.  I  multiply  these  three  numbers  together,  and  the  answer 
is  3281*25  ;  or  the  room  contains  a  little  more  than  3281  cubic 
feet :  now  a  cubic  foot  of  water  weighs  nearly  1000  ounces ; 
therefore  the  weight  of  the  roomful  of  water  would  be  3,281,000 
ounces;  but  air  being  nearly  800  times  lighter  than  water, 
the  air  in  the  room  will  weigh  3,281,000 -4-800  =  4101  oz.  = 
256  lb.  5  oz.  It  seems,  however,  surprising  that  the  air,  which 
is  invisible,  should  weigh  so  much,  though  I  cannot  doubt  the 
fact  after  this  computation,  founded,  as  it  is,  on  careful  experi- 
ments. 
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CONVERSATION  VII. 

Of  the  Elasticity  of  Air, 

F,  I  have  told  ^ou  that  air  is  an  elastic  fluid.  Now  it  is  the 
nature  of  all  elastic  bodies  to  yield  to  pressure,  and  to  endea- 
vour to  regain  their  former  figure  as  soon  as  the  pressure  is 
taken  off.  In  projecting  an  arrow  from  your  bow,  you  exert 
your  strength  to  bring  the  two  ends  of  the  bow  near  together, 
but  the  moment  you  let  go  the  strings,  it  recovers  its  former 
shape  :  the  power  by  which  this  is  effected  is  called  elasticity, 

E,  Is  it  not  by  this  power  that  India  Rubber,  after  it  has 
been  stretched,  recovers  its  usual  size  and  form  ? 

F.  It  is :  and  almost  everything  that  you  make  use  of  pos- 
sesses this  property  in  a  greater  or  less  degree  :  balls,  marbles, 
the  chords  of  musical  instruments,  are  all  elastic,  to  a  certain 
extent. 

C,  I  understand  how  all  these  things  are  elastic  ;  but  do  not 
see  in  what  manner  you  can  .prove  the  elasticity  of  the  air.* 

F.  Here  is  a  bladder,  which  we  will  fill  with  air,  and  tie  up 
its  mouth  to  prevent  its  escaping  again.  If  you  now  press  upon 
it  with  your  hands,  its  figure  wOl  be  changed  ;  but  the  moment 
the  pressure  is  removed  it  recovers  its  round  shape. 

E,  And  if  I  throw  it  on  the  ground,  or  against  any  other  ob- 
stacle, it  rebounds  like  a  ball  or  marble. 

F,  Let  us  now  have  recourse  to  the  air-pump  to  exhibit  some 
of  the  more  striking  efiects  of  the  air*s  elasticity.  I  will  let  a 
part  of  the  air  out  of  the  bladder^  and  tie  up  its  mouth  again. 
It  is  now  flaccid,  and  you  may  make  what  impression  you  please 
upon  it,  without  its  endeavouring  to  reassume  its  former  figure. 

E.  What  proof  is  there  that  this  is  owing  to  the  external 
pressure  of  the  air  ? 

jP.  Place  it  under  the  receiver  of  the  air-pump,  exhaust  the 
air,  and  see  the  consequences. 

C.  It  begins  to  swell  out;  and  now  it  is  as  large  as  when  it 
was  blown  out  full  of  air. 

F.  The  outward  pressure  being  in  part  removed,  the  particles 
of  air,  by  their  elasticity,  distend,  and  fill  up  the  bladder ;  and 
if  it  were  much  larger,  and  the  exhaustion  were  carried  farther, 
the  snme  small  quantity  of  air  would  fill  it  completely.  I  will 
now  let  the  air  in  again. 

E.  This  exhibits  a  ver^  striking  proof  of  the  power  and 
pressure  of  the  external  air,  for  the  bladder  is  as  flaccid  as  it 
was  before. 

«  Seo  Mechanic*,  Conversation  Xm. 
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F.  I  pat  the  same  bladder  into  tliis  iqnare  box  witkovt  mj 
alteradoo,  and  place  upon  it  a  movable  lid,  upon  wbidi  I  p«t 
this  weight.  Bj  bringing  the  whole  under  a  letcitei,  and  ex- 
haosdi^  the  external  air,  the  elasticitj  of  that  in  Ae  bladder 
will  lift  np  the  lid  and  weight  together. 

C.  If  joo  pomp  much  more,  the  we^ht  will  fidl  agaiosl  Ae 
sideof  tbeglaai. 

Fl  I  do  not  mean  to  risk  that :  —  it  is  enough  that  jon  aee  m 
few  grains,  not  half  a  dozen,  of  air  will,  bj  their  elastieitj, 
raise  and  sustain  a  we^t  of  sereral  pounds. 

Take  this  glass  tobe  (represented  m  %.  4.)  :  the  bore  of  tlie 
tabe  is  too  small  for  the  water  to  nm  out;  bot  if  I  plaeeit  under 
the  receirer  of  the  air-pomp,  and  take  awaj  the  external  air, 
the  little  qoantit j  of  air  wIikIi  is  at  the  top  of  the  glasa,  will, 
bj  its  elastic  force,  expand  itadi^  and  drive  oot  all  the  water. 

E.  This  experiment  shows  that  a  Terj  smaD  qoantitj  of  air 
I  s  capable  of  filling  a  large  space,  proiided  the  external  f  easuie 
is  taken  offl 

F.  Certainlj:  I  will  take  off  the  Madder  from  this  gtaai 
{^,  17,  Hydrostatics).  The  little  images  all  swim  at  the  top, 
the  air  contained  in  them  rendering  them  rather  lighter  dum  the 
water.  Tie  little  leaden  weights  to  their  feet,  and  thej  are 
then  polled  down  to  the  bottom  of  the  Tessd.  I  now  place  the 
glass  onder  the  receiTer  of  the  air-pomp,  and,  br  esdmosting 
Uie  air  from  the  Teasel,  that  which  is  within  the  inuttes,  bj  its 
dasticitj,  expands  itself,  forces  oot  more  water,  and  yoa  see 
thej  are  ascending  to  the  top,  dragging  the  wdghts  afier  them. 
I  will  let  in  the  air,  and  the  pressore  forces  the  water  into  the 
images  again,  and  thej  descend. 

Here  is  an  iqiple  tctj  moch  shriTelled,  which,  if  placed  onder 
the  receiver;  and  the  external  air  be  taken  away,  will  'WO'  s^ 
plomp  as  if  it  were  newlj  gathered  from  the  tree.  I  will  admit 
the  air  a^n. 

C  It  IS  as  shrivelled  as  ever.    Do  apples  contain  air? 

F.  Yes,  a  great  deal ;  and  so,  in  fact,  do  almost  all  bodies  thai 
are  specificallj  Ughter  than  water,  as  well  as  manv  tiiat  are  not 
so.  It  was  the  elastic  power  of  the  air  within  uie  af^ple  that 
fivced  oot  all  the  shrivelled  parts  when  the  external  pressore 
was  taken  awaj. 

Here  is  a  niiall  glass  of  warm  ale,  from  which  I  am  going  to 
take  away  the  air. 

E.  It  seems  to  boil,  now  yoo  exhaost  the  air  fitmi  the  receirer. 

F.  The  bobbling  is  caofed  by  the  air  endeavooring  to  escape 
from  the  liqoor.    Let  the  air  in  again,  and  then  taste  the  beer. 

C.  It  is  flat  and  dead. 
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F,  You  see  of  what  importance  air  is  to  give  to  all  our  liquors 
their  pleasant  and  brisk  flavour,  for  the  same  will  happen  to 
wine  and  all  other  fermented  fluids. 

E,  How  is  it  that  the  air,  when  it  was  re-admitted,  did  not 
penetrate  the  ale  again  ? 

F»  It  could  not  insinuate  itself  into  the  pores  of  the  beer,  be- 
cause it  is  the  lighter  body,  and  therefore  will  not  descend 
through  the  heavier.  Besides,  it  does  not  follow  that  it  is  the 
same  sort  of  air  which  I  admitted  into  the  receiver,  that  was 
taken  from  the  ale. 

JE.  Are  there  more  kinds  of  air  than  one  ? 

-F.  Yes,  very  many.  That  which  I  took  from  the  beer,  and 
which  sives  it  the  brisk  and  lively  taste,  is  called  fixed  air,  or 
carbonic  acid  gas,  of  whidi  there  is,  in  general,  but  a  very  small 
quantity  in  the  atmosphere. 

The  elasticity,  or  spring  of  air,  contained  in  our  flesh,  was 
clearly  shown  by  the  experiment,  when  I  pumped  the  air  from 
under  your  hand. 

C,  Was  that  the  cause *c^ its  swelling  downwards? 

i^.  It  was :  and  it  will  account  for  the  pain  you  felt,  which 
was  greater  than,  and  of  a  very  different  kind  from,  what  you 
would  have  experienced  by  a  dead  weight  being  laid  on  the  back 
of  your  hand  equal  to  the  pressure  of  the  air. 

Cupping  is  an  operation  performed  on  this  principle:  the 
operator  tells  you  he  draws  up  the  flesh :  but  if  he  were  to  speak 
correctly,  he  would  say,  he  took  away  the  external  air  from  off 
a  certain  portion  of  the  body,  and  then  the  elastic  force  of  the 
air  within  extends,  and  swells  out  the  flesh  ready  for  the  lancets. 

E,  When  I  saw  you  cupped  he  did  not  use  an  air-pump,  but 
little  glasses,  to  raise  the  flesh. 

F,  Glasses  closed  at  top  are  now  generally  made  use  of,  in 
which  the  operator  holds  the  flame  of  a  lamp :  by  the  heat  of 
this  the  elasticity  of  the  air  in  the  glass  is  increased,  and  thereby 
a  great  part  of  it  driven  out.  In  this  state  the  glass  is  put  on 
the  part  to  be  cupped,  and  as  the  inward  air  coo&,  it  contracts, 
and  the  glass  adheres  to  the  flesh  by  the  difference  of  the  pres- 
sures of  the  internal  and  external  air. 

By  some  persons,  however,  the  syringe  is  considered  as  the 
most  effectual  method  of  performing  the  operation,  because  by 
flame  the  air  cannot  be  rarefied  more  than  one  half,  whereas  by 
the  S3rringe  a  few  strokes  will  nearly  exhaust  it. 

Here  is  another  square  bottle  like  that  before  exhibited 
(fiff.  15,  p.  225.),  only  that  it  is  full  of  air,  and  the  mouth 
setued  so  closely  that  none  of  it  can  escape.    I  enclose  it  within 

Q  4 
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the  wire  cage  b,  snd  in  this  state  bring  them  under  the  reoeirery 
and  exhaust  the  external  air. 

C  With  what  a  load  report  it  has  hnrst  I 
£,  Whj  did  jou  place  the  wire  cage  oyer  the  bottle  f 
F.  To  prevent  the  pieces  of  the  bottle  from  breaking  the  re- 
ceiver, an  accident  that  would  be  liable  to  happen  withoat  this 
precaution. 

Take  a  new-laid  eg^^  and  make  a  small  hole  in  the  little  end 
of  it ;  then  with  that  end  downwards,  place  it  in  an  ale-glass 
under  the  receiver,  and  exhaust  the  air ;  the  whole  contents  of 
the  egg  will  be  forced  out  into  the  glass  by  the  elastic  spring  of 
the  small  bubble  of  air  which  is  always  to  be  found  in  toe  large 
end  of  a  new-laid  ecg. 

E,  Well,  reallv  these  experiments  are  very  delightful.  How 
grateful  do  I  feel  to  you,  dear  papa,  for  givmg  us  this  power  of 
mvestigating  the  works  of  nature. 


CONVERSATION  VIII. 

Of  the  Campresnon  of  Air, 

F.  I  have  already  told  you  that  water  was  compressible  in  a 
small  degree ;  but  the  compression  which  can  be  effected  with 
the  greatest  power  b  so  very  small,  that,  without  considerable 
attention  ana  nicety  in  conducting  the  experiments,  it  would 
never  have  been  discovered.  Air,  nowever,  is  capable  of  being 
compressed  into  a  very  small  space  compared  with  what  it  na- 
turally possesses. 

F.  The  experiment  you  made  by  plunging  an  ale-glass  with 
its  mouth  downwards,  clearly  proved  that  the  air  which  it  con« 
tained  was  capable  of  being  reduced  into  a  smaller  space. 

F,  This  bended  tube  a  b  c  is  closed  at  a  and  open  at  c.    It 
is,  in  the  common  state,  full  of  air.     I  first  pour  into 
it  a  little  quicksilver,  Just  sufficient  to  cover  the 
bottom  ab:  now  the  aur  in  each  leg  is  of  the  same 
density,  and  as  that  contained  in  a  b  cannot  escape, 
because  the  lighter  fluid  will  be  always  uppermost, 
when  I  pour  more  quicksilver  in  at  c,  its  weight  will 
condense  the  air  in  the  leg  a  b  ;  for  the  air,  which 
filled  the  whole  length  of  the  leg,  is,  by  the  weight 
of  the  quicksilver  in  c  b  pressed  into  the  smaller 
space  A  Xy  which  space  will  be  diminished  as  the     Fig!  is. 
weight  is  increased ;  so  that,  by  increasing  the  length 
of  the  column  of  mercury  in  c  b,  the  air  in  the  other  leg  will 
be  more  and  more  condensed.    Hence  we  learn  that  the  elastic 
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spring  of  air  is  always  and  tmder  all  circumstances  equal  to 
the  force  which  compresses  it. 

C  How  is  that  proved  ? 

F,  If  the  spring,  with  which  the  air  endeavours  to  expand 
itself  when  it  is  compressed,  were  less  than  the  propelling 
force,  it  must  yield  still  farther  to  that  force ;  that  is,  if  the 
spring  of  the  air  in  a  a;  were  less  than  equal  to  the  weight  of 
the  mercury  in  the  other  leg,  it  would  be  forced  into  a  yet 
smaller  space  ;  but,  if  the  spring  were  greater  than  the  weight 
pressing  upon  it,  it  would  not  have  yielded  so  much ;  for  you 
are  well  aware  that  action  and  reaction  are  equal,  and  act  in 
opposite  directions. 

X  ou  can  now  easily  understand  why  the  lower  regions  of  the 
atmosphere  are  more  dense  than  those  which  are  higher. 

E,  Because  they  are  pressed  upon  by  all  the  air  that  is 
above  them,  and  therefore  condensed  into  a  smaller  space. 

F,  Consequently  the  air  becomes  gradually  thinner  or  rarer, 
till,  at  a  considerable  height,  it  may  be  conceived  to  degenerate 
to  nothing.  The  different  densities  of  the  air  may  be  illustrated 
by  conceiving  twenty  or  thirty  equal  fleeces  of  wool  placed 
one  upon  another ;  the  lowest  will  be  forced  into  a  less  space, 
that  is,  its  parts  will  be  brought  nearer  together,  and  it  wm  be 
niore  dense  than  the  next ;  and  that  will  be  more  dense  than 
the  third  from  the  bottom,  and  so  on  till  you  come  to  the  up- 
permost, which  sustains  no  other  pressure  than  that  occasioned 
by  the  weight  of  the  incumbent  air. 

Let  us  now  see  the  effect  of  condensed  air,  by 

,/v,      means  of  an  artificial  fountain.    This  vessel  is  made 

'.  |!'     of  strong  copper,  and  is  about  half  full  of  water. 

:^^{\    With  a  syringe  that  screws^  to  the  pipe  b  a  I  force 

i]i)K  \  a  considerable  quantity  of  air  into  the  vessel,  so  that 

yiljj  t  it  is  very  much  condensed.    By  turning  the  stopcock 

i''^^iv'ii  ^  while  I  take  off  the  syringe  no  water  can  escape: 

'  *  -"^     and,  instead  of  the  syringe,  I  put  on  a  jet,  or  very 

small  tube,  after  which  the  stopcock  is  turned,  and 

the  pressure  of  the  condensed  air  forces  the  water 

through  the  tube  to  a  very  ereat  height. 

C.  Do  you  know  how  high  it  ascends  ? 

F.  Not  exactly :  but  as  the  natural  pressure  of  the 

air  will  raise  water  33  feet,  so  if  by  condensation  its 

pressure  be  tripled,  it  will  rise  66  feet. 

E,  Why  tripled?     Ought  it  not  to  rise  to  this 
height  by  a  double  pressure  ? 

F,  You  forget  that  there  is  the  conmion  pressure 
^*''  ^^*    always  acting  against,  and  preventing  the  asce.\\.t  <^1 
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the  wftter;  therefore,  besides  a  force  within  to  balance  that 
without,  there  must  be  a  double  pressure. 

C  You  described  a  syringe  to  be  like  a  common  water- 
squirt — how  are  jou  able,  by  an  instrument  of  this  kind,  to 
force  in  so  great  a  quantity  of  air  ?  Will  it  not  return  by  the 
same  way  it  is  forced  in  ? 

F.  The  only  difference  between  a  condensing  syringe  and  a 
squirt  is,  that,  in  the  former,  there  is  a  valre  that  opens  down- 
wards, by  which  air  may  be  forced  through  it ;  but  the  instant 
that  the  downward  pressure  ceases,  the  valre,  by  means  of  a 
strung  spring,  shuts  of  itself,  so  that  none  can  return. 

JE,  Will  not  air  escape  back  during  the  time  you  are  forcing 
in  more  of  the  external  air  ? 

F.  That  would  be  the  case  if  the  syringe  pipe  went  no  lower 
than  that  part  of  the  vessel  which  contains  the  air;  but  it 
reaches  to  a  considerable  depth  in  the  water ;  and,  as  it  cannot 
find  its  way  back  up  the  pipe,  it  must  ascend  through  the 
water,  and  cause  that  pressure  upon  it  which  has  be^i  de- 
scribed. 

C,  To  what  extent  can  air  be  compressed  ? 

F,  If  the  apparatus  be  strong  enough,  and  a  sufficient  power 
applied,  atmospheric  air  may  be  condensed  several  thousand 
times ;  that  is,  a  vessel,  which  will  contain  a  gallon  of  air  in 
its  natural  state,  may  be  made  to  contain  several  thousand 
gallons. 

By  means  of  a  fountain  of  this  kind,  young  people  like  your- 
"  selves  may  receive  much  entertainment  with  only  a  few  addi- 
tional jets,  which  are  made  to  screw  on  or  off.  One  kind  is  so 
formed  that  it  will  throw  up  and  sustain  on  the  stream  a  little 
cork  ball,  scattering  the  water  all  round.  Another  is  made  in 
the  form  of  a  globe,  pierced  with  a  great  number  of  holes,  all 
tending  to  the  centre,  exhibiting  a  very  pleasing  sphere  of 
water.  One  is  contrived  to  show,  in  a  neat  manner,  the  com- 
position and  resolution  of  forces  explained  in  our  Conversations 
on  Mechanics.*  Some  will  form  cascades ;  and  by  others  you 
may,  when  the  sun  shines  at  a  certain  height  in  the  heavens, 
exhibit  artificial  rainbows.t 

We  will  now  force  in  a  fresh  supply  of  air,  and  try  some  of 
these  jets. 

F.  Fray,  papa,  why  did  you  lay  so  great  stress  upon  atmo* 
spheric  air  being  capable  of  a  certain  condensation. 

F,  Because  other  kinds  of  air  can  be  so  much  condensed  tfs 
actually  to  be  squeeeed  into  a  liquid. 

•  See  Mechuiiei,  ConTenation  Xm.  

t  Thif  phenomenon  ii  Oescribed  and  explained  in  Optici,  ConTenation  XVJU. 
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JS,  Do  tell  us  how  this  is  done. 

F,  Dr.  Faraday,  now  the  most  distinguished  philosopher  for 
ori^nal  research,  was  working  with  a  certain  air  or  gas  in 
tubes,  and  observed  an  oilj  liquid  appear :  he  repeated  the 
experiment  with  carefully  cleaned  tubes,  and  the  oily  appear- 
ance again  occurred.  On  examination  he  found  that  the  gas 
had  actually  been  condensed  into  this  oily  liquid.  The  gas 
was  called  chlorine. 

JE.  How  very  curious !  And  is  this  the  only  kind  of  air 
that  can  be  liquefied  ? 

F,  By  no  means  ;  he  has  found  that  very  many  of  the  gases 
are  capable  of  liquefaction  under  certain  precautions,  which 
you  will  be  able  to  comprehend  better  when  you  have  learned 
a  little  chemistry.  The  most  remarkable,  by  way  of  illustra- 
tion, is  the  gas  contained  in  champagne,  soda  water,  ale,  &c., 
namely,  carbonic  acid.  The  materials  necessary  for  producing 
this  gas  are  placed  in  a  strong  iron  vessel :  the  gas  forms  very 
abundantly ;  and  as  it  has  no  means  of  escaping,  it  becomes  so 
compressed  by  the  continued  accumulation,  that  at  last  it 
squeezes  itself  into  a  liquid.  When  the  vessel  is  opened  the 
liquid  begins  to  return  into  gas  so  fast,  that  it  produces  an 
immense  quantity  of  cold,  as  ether  does  when  placed  on  your 
hand ;  and  this  cold  actually  freezes  the  rest  of  the  liquid,  and 
the  gas  appears  in  a  solid  form,  just  like  snow. 

E.  How  I  should  like  to  touch  this  solid  air :  it  must  be 
very  cold. 

F.  Yes,  dear,  so  cold  that  mercury  instantly  freezes  in  it, 
and  becomes  like  lead,  so  that  you  can  cut  it,  or  hammer  it  on 
an  anvil.  But  you  would  find  it  no  easy  matter  to  touch  it, 
for  the  surface  of  it  would  expand  into  gas  and  place  itself 
between  your  finger  and  the  solid  carbonic  acid ;  but  if  you 
use  a  little  ether  to  wet  the  solid  and  your  finger,  your  finger 
would  be  instantly  frostbitten.  But  we  must  not  talk  more  of 
this. 

JE.  I  observed,  in  the  upright  jets,  that  the  height  to  which 
the  water  was  thrown  was  continually  diminishing. 

F,  The  reason  is  this :  that  in  proportion  as  the  quantity  of 
water  in  the  fountain  is  lessened,  the  air  has  more  room  to 
expand,  the  compression  is  diminished,  and  consequently  the 
pressure  becomes  less,  till  at  length  it  is  no  neater  within  than 
It  is  wiUiout,  and  then  the  fountain  ceases  altogether. 

Condensed  air  has  been  proposed  as  a  means  of  propelling 
locomotives  instead  of  steam ;  it  is  compressed  in  an  iron  cy- 
linder, and  by  proper  regulations  is  allowed  to  escape,  and  act 
upon  a  piston. 


236  PNEUMATICS. 

CONVERSATION  EL 
Miscellaneous  Experiments  on  the  Air^Pump, 

F.  I  shall,  to-daj,  exhibit  a  few  ezperimeDta,  without  any 
regard  to  the  particular  subjects  under  which  they  might  be 
arranged. 

In  this  jar  of  water  I  plunse  some  pieces  of  iron,  zinc,  stone, 
&C.,  and  you  will  see  that,  when  I  exhaust  the  external  air,  bj 
bringing  the  jar  under  the  receiver  of  the  air-pump,  the  elastic 
spring  of  air  contained  in  the  pores  of  these  solid  substances 
will  force  them  out  in  a  multitude  of  globules,  and  exhibit  a 
yerj  pleasing  spectacle,  like  the  pearly  dew-drops  on  blades  of 
grass :  but  when  I  admit  the  air,  they  suddenly  disappear. 

E,  This  proves  what  you  told  us  a  day  or  two  ago,  that 
substances  in  general  contain  a  great  deal  of  air. 

F.  Instead  of  bodies  of  this  kind,  I  will  plunge  in  some 
vegetable  substances,  a  piece  or  two  of  the  stem  of  beet-root^ 
angelica,  &c. ;  and  now  observe,  when  I  have  exhausted  the 
receiver,  what  a  quantity  of  air  is  forced  out  of  the  little 
vessels  of  these  plants  by  means  of  its  elasticity. 

C  From  this  experiment  we  may  conclude  that  air  makes  no 
small  part  of  all  vegetable  substances. 

F.  To  this  piece  of  cork,  which  of  itself  would  swim  on  the 
surface  of  water,  I  have  tied  some  lead,  just  enou^  to  make  it 
sink.  But,  by  taking  off  the  external  pressure,  the  cork  will 
bring  the  lead  up  to  the  surface. 

E,  Is  that  because,  when  the  pressure  is  taken  o%  the  sub- 
stance of  the  cork  expands,  and  becomes  specifically  lighter 
than  it  was  before  ? 

F.  It  is.  This  experiment  is  varied  by  using  a  bladder,  in 
which  is  tied  up  a  very  small  quantity  of  air,  and  sunk  in 
water ;  for  when  the  external  pressure  is  removed,  the  spring 
of  air  within  the  bladder  will  expand  it,  make  it  specifically 
lighter  than  water,  and  bring  it  to  the  surface. 

The  next  experiment  shows  that  the  ascent  of  smoke  and 
vapours  depends  on  the  air.  I  will  blow  out  this  candle^  and 
put  it  under  the  receiver ;  the  smoke  now  rises  to  the  top,  bnt 
as  soon  as  the  air  is  exhausted  to  a  certain  degree,  the  smoke 
descends,  like  all  other  heavy  bodies. 

C,  Do  smoke  and  vapours  rise  because  they  are  lighter  than 
the  surrounding  air  ? 

F,  That  is  the  reason.  Sometimes  you  see  smoke  from  a 
chimney  rise  quite  vertically  in  a  long  column ;  the  air  then  is 
rery  heavy ;  at  other  times  you  may  see  it  descend,  whioh  is  a 
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proof  that  the  density  of  the  atmosphere  is  verj  much  dimi- 
nished, and  is,  in  fact,  le^s  than  that  of  the  smoke.  And  at  all 
times  smoke  can  ascend  no  higher  than  where  it  meets  with  air 
of  a  density  equal  to  itself,  and  there  it  will  spread  about  like  a 
cloud. 

C.  Do  balloons  rise  on  a  similar  principle  ? 

F,  Yes ;  a  balloon  is  merely  a  large  bag  of  gas.  The  mass  of 
air  displaced  by  the  balloon  is  heavier  than  the  balloon  and  all 
its  appendages,  so  that  the  latter  rises  in  it.  A  Montgolfier  is 
a  bag  of  air  rarefied,  and  so  made  lighter  by  a  fire  or  a  flame  of 
spirit. 

C  I  once  noticed  Mr.  Green  make  an  ascent.  I  observed 
that  when  the  balloon  was  full,  he  took  the  neck  away  from  the 
gas-pipe,  and  tied  it  with  his  handkerchief.  I  was  sure  he  had 
something  in  view,  for  he  was  so  very  careful  in  tying  the  hand- 
kerchief, and  I  watched  him  f 

E.  And  what  did  he  do  ? 

C.  To  my  astonishment,  when  everything  was  ready,  he  let 
go  the  rope  which  held  down  the  balloon,  and  at  the  same 
moment  he  actually  pulled  away  the  handkerchief  and  opeiied 
the  neck  of .  the  balloon,  so  that  the  gas  could  all  escape.  I 
should  have  thought  it  was  an  accident,  if  I  had  not  seen  him 
wave  the  same  handkerchief.  What  could  he  mean  by  this, 
papa;  first  to  fill  his  balloon,  and  then,  when  I  should  have* 
thought  he  most  needed  the  gas,  to  let  it  out  ? 

F»  He  fills  his  balloon  because  the  public,  after  paying  their 
shillings,  woidd  not  like  to  see  a  half-filled  bag  ascend.  But,  as 
he  rises  from  the  earth,  the  pressure  of  the  atmosphere  upon  the 
balloon  gradually  decreases ;  because  part  of  the  column  of  air 
is  leflb  below  him.  This  being  the  case,  the  confined  gas  ex- 
pands ;  and  if  he  were  not  to  open  the  neck,  the  balloon  would 
very  soon  be  burst  open,  just  as  the  square  bottle  (fig.  15.) 
burst. 

The  reason  of  his  opening  the  Tieck  of  the  balloon  is  because 
in  the  process  of  ascending  the  gas  can  more  easily  escape  from 
below  ;  but  if  he  wishes  to  descend,  he  pulls  a  cord  and  opens  a 
valve  at  the  top  of  the  balloon,  and  the  descending  motion 
squeezes,  as  it  were,  the  gas  out.  If  he  wished  to  rise  again,  he 
throws  out  some  sand,  and  makes  the  whole  machine  lighter. 
So  you  see,  he  arrives  at  the  earth  again  with  a  far  less  supply 
of  gas  than  he  started  with. 

Fig.  20.  is  usually  called  the  lun^-glass.  A  bladder  is  tied 
close  about  the  little  pipe  a,  which  is  screwed  into  the  bottle  A, 
and  at  first  nearlv  fills  it.  I  introduce  it  under  the  receiver  b, 
and  begin  to  exhaust  the  air  of  the  receiver,  and  that  in  the 
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Ujdder  cwiuniratiay  vhk  h  vill  abo  be  witUrmva:  tke 
claMk  force  of  the  air  in  the  bottle  ▲  win  Bov  prea  the  liladder 
to  the  ihriTelled  ftxie  leuit  willed  m  the  fi^nve.  I  will  mImI 
the  air,  which  ezpanda  the  bladder ;  and  thaa,  bj  aberaatd j 
czhansting  and  re-admitting  the  air.  I  Aom  the  action  of  the 
Im^  in  breathing.  Bat  perhaps  the  following  ezperinKBt  w31 
gire  a  better  idea  of  the  subject.    In  £g,  21.,  a  repraenlB  the 


longs,  B  the  windpipe  leading  to  them,  whidi  is  doadj  fizedin 
the  neck  of  the  bottle,  from  whidi  the  air  cannot  escape ;  b  is 
a  bladder  tied  to  the  bottom,  and  in  its  distended  state  will, 
with  the  internal  cayitjof  the  bottle,  represent  Ae  cavity  of  the 
bodj,  which  sonroonds  die  longs,  at  the  moment  yoa  hare  taken 
in  bieath ;  I  force  op  d  (as  in  Bg.  22.X  and  now  the  bladder 
is  shriTdled  bj  the  pressure  of  the  external  air  in  the  bottle, 
and  represents  the  longs  jost  at  the  moment  of  expiration. 

I  have  exactly  balanced  on  this  scale-beam  a  (Meoe  of  lead 
and  a  piece  of  cork.  In  this  state  I  will  introdooe  them  under 
the  receirer,  and  exhaust  the  air. 

C.  The  coriL  now  seems  to  be  heayier  than  die  lead. 

jP.  In  air  each  body  /!(Mf  a  weight  proportional  to  its  M!ft ;  but 
when  the  air  is  taken  awaj,  the  woght  lost  will  be  restcned ; 
but  as  the  lead  lost  least,  it  will  now  regain  the  least ;  conse- 
quently the  cork  will  preponderate  with  the  difference  of  the 
w^hts  restored  by  taking  away  the  air.    . 

"Aus  you  see  that  ta  vaemo^  a  pommd  of  cork,  or  feathen^ 
would  be  heavier  Hum  a  pommd  of  lead;  as  I  mentioned  in  an 
etflier  conversation. 

E.  Why  do  bodies,  when  weighed  in  air,  lose  weights  pro- 
portional to  their  bulks  ? 

F.  Because  the  air,  being  a  fluid  substance,  tends  to  lift  up 
a  body  immersed  in  it ;  and  the  larger  the  body,  the  more  effect 
it  will  have  upon  it.  Of  course,  it  has  more  c^ecl  on  an  ounce 
<Mf  cork  than  on  an  ounce  of  lead. 
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CONVERSATION  X. 

Of  the  Air-gun  and  Sound. 

F,  The  air-gun  is  an  instrument,  the  effects  of  which  depend 
on  the  elasticity  and  compression  of  air. 

JE7.  Is  it  used  for  the  same  purposes  as  common  guns  ? 

F,  Air-guns  will  answer  all  the  purposes  of  a  musket  or 
fowling-piece.  Bullets  discharged  from  tnem  will  kill  animals 
at  the  distance  of  50  or  60  yards.  They  make  no  report,  and 
on  account  of  the  great  mischief  they  are  capable  of  doing, 
without  much  chance  of  discovery,  they  are  deemed  illegal,  and 
are,  or  ought  to  be,  found  nowhere  but  among  the  apparatus  of 
the  experimental  philosopher. 

C  Can  you  show  us  the  construction  of  an  air-gun  ? 

jP.  It  was  formerly  a  very  complex  machine; l>ut  now  the 
construction  of  air«guns  is  very  sunple ;  fig.  23.  is  one  of  the 
most  approved. 

E,  In  appearance  it  is  very  much  like  a  common  musket, 
with  the  addition  of  a  round  ball  c. 

F,  That  ball  is  hollow,  and  contains  the  condensed  air, 
which  is  forced  into  it  by  means  of  a  syringe ;  it  is  then  screwed 
to  the  barrel  of  the  gun. 

C  Is  there  fixed  to  the  ball  a  valve  opening  inwards  ? 
F.  There  is ;  and  when  the  leaden  bullet  is  rammed  down, 
the  trigger  is  pulled  back,  which  forces  down  the  hook  h  upon 
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the  pin  connected  with  the  valve,  and  liberates  a  portion  of  the 
conaensed  air ;  this,  rushing  through  a  hole  in  the  lock  into  the 
barrel,  will  impel  the  bullet  to  a  great  distance. 

E,  Does  no,t  all  the  air  escape  at  once  ? 

F,  No ;  if  the  gun  be  wfeU  made,  the  copper  ball  will  contain 
enough  for  \5  or  20  separate  charges ;  so  that  one  of  these  is 
capable  of  doing  much  more  execution  in  a  given  time  than  a 
common  fowling-piece. 

C  Does  not  the  strength  of  the  charges  diminish  each  time  ? 

F.  Certainly ;  because  the  condensation  becomes  less  upon 

the  loss  of  every  portion  of  air ;  so  that  after  a  few  discharges  the 
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boHet  will  be  projected  only  a  short  distance.  To  remedy 
this  incoDTenience,  yoa  migfat  cany  a  spare  ball  or  two  ready 
filled  with  condensed  air  in  yoar  padcet,  to  screw  on  when  the 
other  was  nearly  exhansted.  Formeriy,  this  kind  of  instmmeiit 
was  attached  to  eentlemen*s  walking-sticks. 

A  still  more  formidable  instmroent  is  called  the  MagaziitB 
wimd'gum.     In  this,  there  is  a  magazine  of  ballets,  as  wctll  as 
another  of  air ;  and,  when  it  is  properly  charged,  the  bcdlets 
may  be  projected  one  after  another  as  fast  as  the  gun  can  be 
codced  Mtkd  the  pan  opened.    The  syringe  in  these  is  fixed  to 
the  butt  of  the  gun,  by  which  it  is  easi^  charged,  and  may  be 
kept  in  that  state  for  a  great  while. 
£.  Does  air  nerer  lose  its  elastic  power  ? 
F,  It  would  be  too  much  to  assert  that  it  nerer  will ;  but 
experiments  have  been  tried  upon  different  portions  of  it, 
which  have  been  found  as  elastic  as  erer  after  the  lapse  <^  many 
months,  and  even  years. 
a  What  is  this  bell  for  ? 

F*,  I  took  it  out  to  show  yon  that  air  is  the  medium  by 
which,  in  general,  sound  is  communicated.  I  will  place  it 
nnder  the  receiver  of  the  air-pump,  and  exhaust  the  air.  Now 
observe  the  clapper  of  the  beU  while  I  shake  the  apparatus. 

JE,  I  see  clearly  that  the  clapper  strikes  the  side  of  the  bell, 
but  I  do  not  hear  any  ringing. 

F,  Turn  the  cock  and  admit  the  air;  now  you  hear  the 
sound  plainly  enough :  and  if  I  use  the  syringe  wad  a  different 
kind  of  glass,  so  as  to  condense  the  air,  the  sound  will  be  very 
much  increased.  Dr.  Desaguliers  says,  that  in  air  that  is  twice 
as  dense  as  common  air,  he  could  hear  the  sound  of  a  bell  at 
double  the  distance. 

C.  Is  it  on  account  of  the  different  densities  of  the  atmo- 
sphere that  we  hear  St.  Faults  clock  so  much  plainer  at  one 
time  than  another  ? 

F,  Undoubtedly  the  different  degrees  of  density  in  the  atmo- 
sphere will  occasion  some  difference ;  but  the  principal  cause 
depends  on  the  quarter  from  which  the  wind  blows ;  for  as 
the  direction  of  that  is  towards  or  opposite  to  our  house,  we 
hear  the  clock  better  or  worse. 
JE,  Does  it  not  require  great  strength  to  condense  air  ? 
F,  That  depends  much  on  the  size  of  the  piston  belonging 
to  the  syringe ;  for  the  force  required  increases  in  proportion 
to  the  square  of  the  diameter  of  the  piston. 

Suppose  the  area  of  the  base  of  the  piston  is  one  inch,  and 
you  have  already  forced  so  much  air  into  tbe  vessel  that  its 
density  b  double  that  of  common 'fur,  the  resistance  opposed  tP 
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you  will  be  equal  to  15  pounds ;  but  if  you  would  have  it  ten 
times  as  dense,  the  resistance  will  be  ecjual  to  150  pounds. 

C.  That  would  be  more  than  I  could  manage. 

F,  Well,  then,  you  must  take  a  syringe,  the  area  of  whose 
piston  is  only  half  an  inch ;  and  in  that  case  the  resistance 
would  be  equal  to  only  the  fourth  part  of  150  pounds,  because 
the  square  of  ^  is  equal  to  ^.* 

C.  You  spoke  of  liquid  carbonic  acid  producing  cold  by  ex- 
panding, does  air  when  condensed  produce  heat  f 

F.  Yes ;  and  there  is  a  kind  of  syringe  made  with  a  tight 
piston,  and  a  piece  of  German  tinder  inside,  and  by  drivmg 
down  the  piston  by  a  smart  blow  the  tinder  is  inflamed. 

E,  You  said  that  the  air  was  generally  the  medium  by  which 
sound  is  conveyed  to  our  ears  ;  is  it  not  always  so  ? 

F.  Air  is  always  a  good  conductor  of  sound,  but  water  is 
a  still  better.  Two  stones  being  struck  together  under  water, 
the  sound  may  be  heard  at  a  greater  distance  by  an  ear  placed 
under  water  in  the  same  river,  than  it  can  through  the  air.  In 
calm  weather,  a  whisper  may  be  heard  across  the  Thames. 

The  slightest  scratch  of  a  pin,  at  one  end  of  a  long  piece  of 
timber,  may  be  heard  by  an  ear  applied  near  the  other  end, 
though  it  could  not  be  heard  at  half  the  distance  through  the 
air. 

The  earth  is  not  a  bad  conductor  of  sound :  it  is  said  that, 
by  applying  the  ear  to  the  ground,  the  trampling  of  horses 
may  be  heard  much  sooner  than  it  could  through  the  medium 
of  the  air.  Recourse  has  sometimes  been  had  to  this  mode  of 
learning  the  approach  of  an  hostile  army. 

Take  a  long  strip  of  flannel,  and  in  the  middle  tie  a  common 

I)oker,  which  answers  as  well  as  anything,  leaving  the  ends  at 
iberty :  these  ends  must  be  rolled  round  the  end  of  the  first 
finger  of  each  hand,  and  then  stopping  the  ears  with  the  ends 
of  these  fingers,  strike  the  poker,  thus  suspended,  against  any 
body,  as  the  edge  of  a  steel  fender;  the  depth  of  the  tone 
which  the  stroke  will  return  is  amazing ;  that  made  by  the 
largest  church-bell  is  not  to  be  compared  with  it.  Thus  it 
appears  that  flannel  is  an  excellent  conductor  of  sound. 


CONVERSATION  XL 

Of  Sound. 
F,  We  will  devote  this  Conversation  to  the  consideration  of 
sound  ;  which  in  so  far  as  it  is  connected  with  vibrations  pro** 

•  The  iqaare  of  any  number  being  the  number  xnnltipUed  into  lUeli;  h  X  iai, 

& 
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dmced  m  the  air,  maij  come  vmder  the  head  of  Poeumatieiy 
although  it  reallj  foroM  a  distinet  branch  of  aaence  f r  ■  ii  d 
Acoustics. 

C.  Is  air  the  cause  of  soaad? 

P.  Not  the  cause ;  but  eoauBonl  j  the  condvctor  of  aoniid. 
JS.  la  not  thunder  produced  bj  the  air  ? 
P,  All  we  know  of  thunder  is  that  dectric  force  pMaes 
between  two  points,  and  disturbs  the  intenrening  molecules  of 
air :  thej  are  then  thrown  into  a  sudden  and  riolent  state  of 
▼ibration ;  and  Tibratioa  and  sound  are  prettj  neaiij  the  same 
thing.    The  lightning  flash  takes  a  long  journej  in  an  incre- 
diblj  short  space  of  time ;  ami  it  produces  this  Tibratioo  along 
its  whole  course ;  but  snwnd,  as  we  shall  presently  see,  takes 
some  time  to  trarel  to  our  ear,  so  that  we  get  a  continiioas 
rolling  until  the  last  audible  ware  of  sound  has  arrired* 

C  Can  the  report  cff  a  large  cannon  be  called  a  miniatare 
imitation  ?  I  remember  being  once  in  a  room  at  die  distanoe 
of  but  a  few  paces  from  the  Tower  guns  when  thejr  were  fired, 
and  the  noise  was  yerj  great. 

I^.  This  was  because  jou  were  near :  gunpowder,  wlieB  in- 
flamed  in  a  vaemtm,  makes  no  more  sound  than  the  bell  in  like 
circumstances. 

Mr.  Cotes  mentions  a  verj  curious  experiment  whidi  was 
eontriTed  to  show  that  sound  cannot  penetrate  through  a 
Tacuum.     A  strong  receirer,  filled  with  common  atmoq£eric 
air,  in  which  a  bell  was  suspended,  was  screwed  down  to  a  brass 
plate  so  tight  that  no  air  could  escape,  and  this  was  indmded  in 
a  much  larger  receiyer.  When  the  air  between  the  two  receiTers 
was  exhausted,  the  sound  of  the  bell  could  not  be  heard. 
£,  Could  it  be  heard  before  the  air  was  taken  awaj  ? 
P.  Yes ;  and  also  the  moment  it  was  re-admittedL 
C.  What  is  the  reason  that  some  bodies  sound  so  much  better 
than  others  ?    Bell-metal  is  more  musical  than  copper  or  braas, 
and  these  sound  much  better  than  manj  other  substances. 

P,  All  sonorous  bodies  are  elastic,  and  their  parts  by  percus- 
sion can  be  made  to  vibrate ;  and  as  long  as  the  vibrations  con- 
tinue, corresponding  vibrations  are  communicated  to  the  air, 
and  these  produce  sound.  Musical  chords  and  bells  are  in- 
stances that  will  illustrate  this. 

JS.  The  vibrations  of  the  bell  are  not  visible ;  and  mnncal 
chords  will  vibrate  after  their  sound  has  vanished. 

F,  If  light  particles  of  dust  be  on  the  outside  of  a  bell  when 
it  is  struck,  jou  will,  by  their  motion,  have  no  doubt  but  that 
the  particles  of  the  metal  move  too,  though  not  sufficiently  to 
be  visible  to  the  imked  eye.    If  you  take  a  plate  of  glass  and 
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sprinkle  on  it  a  little  fine  sand,  and  then  hold  it  at  one  corner 
by  a  pair  of  pliers,  and  pass  a  violin-bow  along  one  of  the  sides, 
you  will  see  the  sand  arrange  itself  into  a  uniform  figure :  if 
you  apply  the  bow  to  one  corner,  the  figure  will  be  varied ;  and 
by  this  means  you  may  produce  some  beautiful  arrangements  of 
the  sand,  and  almost  say  that  you  see  sound. 

C  Is  it  known  how  far  sound  can  be  heard  ? 

F,  We  are  assured  upon  good  authority,  that  the  unassisted 
human  voice  has  been  heard  in  the  stillness  of  night  at  the 
distance  of  10  or  12  miles;  namely,  from  New  to  Old  Gibraltar. 
And  in  the  famous  sea-fight  between  the  English  and  Dutch,  in 
1672,  the  sound  of  cannon  was  heard  at  the  distance  of  200  miles 
from  the  place  of  action.  In  both  these  cases  the  sound  passed 
over  water ;  and  it  is  well  known  that  sound  may  be  always 
conveyed  much  farther  along  a  smooth  than  an  uneven  surface. 

Experiments  have  been  instituted  to  ascertain  how  much 
water,  as  a  conductor  of  sound,  was  better  than  land ;  and  a 
person  was  heard  to  read  very  distinctly  at  the  distance  of  140 
feet  on  the  Thames,  and  on  land  he  could  not  be  heard  farther 
than  76  feet. 

E,  Might  not  there  be  interruptions  in  the  latter  case  ? 

F,  No  noise  whatever  intervened  by  land,  but  on  the  Thames 
there  was  some  occasioned  by  the  flowing  of  the  water. 

C.  As  we  were  walking  last  summer  towards  Hampstead,  we 
saw  a  party  of  soldiers  firing  at  a  mark  near  Chalk  Farm,  and 
you  desired  Emma  and  me  to  take  notice  that  the  report  was 
heard  afler  we  saw  the  flash. 

F,  My  intention  was  that  you  should  know,  from  actual  ex- 
periment, that  sound  is  not  conveyed  instantaneously,  but  takes 
a  certain  time  to  travel  over  a  given  space. 

When  you  stood  close  to  the  place,  did  you  not  observe  the 
smoke  and  hear  the  report  at  the  same  instant  ? 

E,  Yes,  we  did. 

F.  Then  vou  are  satisfied  that  the  li^t  of  the  flash,  and  the 
report,  are  always  produced  together.  The  former  comes  to  the 
eye  with  the  velocity  of  light,  the  latter  reaches  the  ear  with  the 
velocity  with  which  sound  travels  ;  if,  then,  light  travels  faster 
than  sound,  you  will,  at  any  considerable  distance  from  a  gun 
that  is  fired,  see  the  flash  before  you  hear  the  report.  Do  you 
know  with  what  velocity  light  travels  ? 

C,  At  the  rate  of  12  millions  of  miles  in  a  minute.*** 
F.  With,  regard  then  to  several  hundred  yards,  or  even  a  few 
miles,  the  motion  of  light  may  be  considered  as  instantaneous, 

•  S«e  Astronomy,  ConrenaUon  XXYI, 
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JE.  This  I  understand,  because  10  miles  is  as  nothing  when 
compared  with  1 2  millions. 

i^  Now  sound  travels  only  at  the  rate  of  about  13  miles  in  a 
minute.  Sir  John  Herschel  shows  that  at  the  temperature  ot 
62^,  sound  travels  at  the  rate  of  1125  feet  per  second  ;  and  that 
for  every  reduction  of  one  degree  in  temperature,  it  gains  1*14 
feet  per  second.  The  average  velocity,  therefore,  is  9000  feet, 
or  3000  yards,  in  8  seconds.  Tlierefore,  as  time  is  easily  divi- 
sible into  seconds,  the  progressive  motion  of  sound  is  readily 
marked  by  means  of  a  stop-watch. 

C.  Is  it  certain  that  sounds  of  all  kinds  travel  at  this  rate  ? 

F.  A  great  variety  of  experiments  have  been  made  on  the 
subject,  and  it  seems  now  generally  agreed  that  all  sound  travels 
with  a  uniform  velocity. 

JE,  Then  with  a  stop-watch  you  could  have  told  how  far  we 
were  from  the  firing  when  we  first  saw  it. 

jP.  Most  easily;  for  I  should  have  counted  the  number  of 
seconds  that  elapsed  between  the  flash  and  the  report,  and  then 
have  multiplied  1 1 25  by  the  number,  and  I  should  have  had  the 
exact  distance  in  feet  between  us  and  the  gun. 

C.  Has  this  knowledge  been  applied  to  any  practical  purpose  ? 

F,  It  has  frequently  been  used  at  sea,  by  night,  to  know  the 
distance  of  a  ship  that  has  fired  her  watch-guns.  Suppose  you 
were  in  a  vessel,  and  saw  the  flash  of  a  gun,  and  between  that 
and  the  report  24  seconds  elapsed,  what  would  be  the  distance 
of  one  vessel  from  another  ? 

JE.  I  should  multiply  1125  by  24,  and  then  bring  the  product 
into  yards,  which  in  this  instance  is  equal  to  something  more 
than  9000  yards. 

F.  By  counting  the  number  of  seconds  elapsed  between  the 
flash  of  lightning  and  the  clap  of  thunder,  you  may  ascertain 
how  far  distant  you  are  from  the  storm. 

C.  I  should  like  to  have  a  stop-watch  to  be  able  to  calculate 
this  for  myself. 

F.  As  it  will  probably  be  some  time  before  you  become  pos- 
sessed of  such  an  expensive  instrument,  I  will  tell  you  of  some- 
thing which  you  have  always  about  you,  and  which  will  answer 
thepurpose. 

M.  What  is  that,  papa  ? 

F,  The  pulse  at  your  wrist,  which,  in  healthy  people,  gene- 
rally beats  about  75  times  in  a  minute  *  :  in  the  same  space  of 
time  sound  flies  1125  ft.  X  60  =  67,500  ft. ;  divide  this  by  75, 
and  you  get  900  feet,  as  the  distance  travelled  over  during  each 
pulsation. 

«  la  children  the  pnlae  la  more  rapid. 
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JS,  1£  1  see  a  flash  of  lightning,  and  between  that  and  the 
thunder  I  count  at  my  wrist  36  or  60  pulsations,  I  say  the 
distance  in  one  case  is  equal  to  36  X  900  =  32,400  feet,  or  10,800 
yards ;  and  in  the  other  to  60  x  900  =  54,000  feet,  or  18,000 
yards. 

F.  You  are  right ;  and  this  method  will,  for  the  present,  be 
sufficiently  accurate  for  all  your  purposes. 

C.  The  information  you  have  now  given  us  is  highly  inter- 
esting ;  and  I  doubt  not  but  that  my  sister  and  I  shsdl  meet 
with  many  opportunities  of  putting  it  in  practice. 


CONVERSATION  XII. 
Of  the  Speaking  Trumpet 

C,  I  have  been  thinking  about  the  nature  of  sound,  and  kUl 
anxious  to  ask  what  it  is. 

F,  It  would  be  but  of  little  use  to  give  you  a  definition  of 
sound ;  but  I  will  endeavour  to  illustrate  the  subject.  You  saw 
just  now  that  when  you  vibrated  the  glass  plate,  and  the  waves 
met  with  sand,  the  latter  assumed  a  certain  regular  arrange- 
ment ;  when  the  same  waves  touch  the  ear,  they  produce  certain 
sensations,  which  are  carried  to  our  brain,  and  which  we  call 
sound.  If  there  were  no  ears  there  would  be  no  sound.  Uni- 
form vibrations  produce  sound;  irregular  vibrations  produce 
noise. 

F,  Is  it  such  a  wave  as  we  see  in  the  pond  when  it  is  ruffled 
by  the  wind  ? 

F,  Rather  such  a  one  as  is  produced  by  throwing  a  pebble 
into  still  water. 

C.  I  have  often  observed  this ;  the  surface  of  the  water  forms 
itself  into  circular  waves. 

F,  It  is  probable  that  the  tremulous  motion  of  the  parts  of  a 
sonorous  body  communicate  undulations  to  the  air  in  a  similar 
manner.  Two  obvious  circumstances  must  strike  every  ob- 
server with  regard  to  the  undulations  in  water.  1st.  The  waves, 
the  farther  they  proceed  from  the  striking  body,  become  less  and 
less,  till,  if  the  water  be  of  a  sufficient  magnitude,  they  become 
invisible,  and  die  away.  The  same  thing  takes  place  with  regard 
to  sound ;  the  farther  a  person  is  from  the  sounding  body,  the 
less  plainly  it  is  heard,  till  at  length  the  distance  is  too  great 
for  it  to  be  audible.  2dly.  The  waves  on  the  water  are  not 
propagated  instantaneously,  but  are  forme<l  one  after  another 
in  a  given  space  of  time.  This,  from  what  we  have  already 
shown,  appears  to  be  the  manner  in  which  sound  is  propagated. 

&  3 
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C,  I  bave  noticed  that,  when  I  throw  two  stones  into  a  pond, 
the  waves  in  some  parts  interfere,  and  produce  still  water.  Now, 
can  two  sounds  produce  silence  ? 

F,  Yes :  providing  the  waves  are  so  circumstanced ;  a  case 
in  point  is  that  peculiar  thrilling  which  you  hear  occasionally, 
oye,  and  feel  too,  in  the  church  organ. 

E,  Is  sound  the  effect  which  is  produced  on  the  ear  by  the 
undulations  of  the  air  ? 

F,  It  is ;  and  according  as  these  waves  are  stronger  or  weaker, 
the  impression,  and  consequently  the  sensation,  is  greater  or 
les^.  If  sound  be  impeded  in  its  progress  by  a  body  that  has  a 
hole  in  it,  the  waves  pass  through  the  hole,  and  then  diverge  on 
the  other  side  as  from  a  centre  :  the  vibrations  of  the  substance 
of  the  sides  of  a  tube,  as  well  as  the  shape  of  the  mouth,  tend 
to  augment  the  sound.  Upon  this  principle  the  speakivg-trumpet 
is  constructed. 

C.  What  is  that,  sir  ? 

F.  It  is  a  long  tube,  used  for  the  purpose  of  making  the 
voice  heard  at  a  considerable  distance  :  the  length  of  the  tube 
is  from  6  to  12  or  15  feet ;  it  is  straight  throughout,  having  at 
one  end  a  large  aperture,  and  the  other  terminates  in  a  proper 
shape  and  size  to  receive  the  lips  of  the  speaker. 

E,  Are  these  instruments  much  in  use  ? 

■  F,  It  is  believed  that  they  were  more  used  formerly  than 
now :  they  are  certainly  of  great  antiquity.  Alexander  the 
Great  made  use  of  such  a  contrivance  to  communicate  his  orders 
to  the  army;  by  means  of  which,  it  is  asserted,  he  could  make 
himself  perfectly  understood  at  the  distance  of  10  or  12  miles. 
Stentor  is  celebrated  by  Homer  as  one  who  could  call  louder 
than  fifty  men.  From  Stentor,  the  speaking-trumpet  has  been 
called  the  Stentorophonic  tube. 

C,  Perhaps  Stentor  was  employed  in  the  army  for  the  purpose 
of  communicating  the  orders  of  the  general,  and  he  might  make 
'use  of  a  trumpet  for  the  purpose,  and  that  is  what  is  meant  by 
brazen  lungs. 

F.  That  is  not  an  improbable  conjecture.  Well,  besides 
speaking-trumpets,  there  are  others  contrived  for  assisting  the 
'hearing  of  deaf  persons,  which  differ  but  little  from  the  speaking- 
trumpet. 

If  A  and  B  represent  two  trumpets,  placed  in  an  exact  line  at 
the  distance  of  40  feet  or  more  from  one  another,  the  smallest 
whisper  at  a  would  be  distinctly  heard  at  h ;  so  that  by  a  con- 
trivance to  conceal  the  trumpets,  many  of  those  speaking  figures 
are  constructed  which  are  frequently  exhibited  in  the  metropolis 
and  other  large  towns. 
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•  J^.  I  see  how  it  may  be  done ;  there  must  be  two  sets  of  trum- 
pets, the  one  connected  with  the  ear  of  the  image  into  which  the 
spectator  whispers,  and  which  conveys  the  sound  to  a  person  in 
another  room,  who,  by  tubes  connected  with  the  mouth  of  the 
image,  returns  the  answer. 

C.  I  saw  the  original  invisible  girl,  which  has  been  deposited 
by  Mr.  Foy  in  the  Polytechnic  Institution  for  the  express  pur- 
pose of  showing  the  principles  of  natural  philosophy  that  were 
employed  in  the  deception.  A  hollow  ball,  about  a  foot  in 
diameter,  is  suspended  by  ribands ;  it  han^^s  free,  and  has  four 
trumpet  mouths ;  the  wonder  was  that,  on  asking  a  question  of 
this  ball,  a  female  voice  answered  from  its  interior.  The  fact 
was,  the  trumpet-mouths  faced  the  ends  of  a  pipe  concealed  in 
the  frame ;  the  pipe  led  to  an  adjoining  room  where  the  female 
was  concealed. 


CONVERSATION  XHI. 

Of  the  Echo. 

F,  Let  us  turn  our  attention  to  another  curious  subject  re- 
lating to  sound,  and  which  depends  on  the  air ;  I  mean  tne  echo. 

E,  I  have  often  been  delighted  to  hear  mj  own  words  re- 
peated, and  I  once  asked  Charles  how  it  happened  that,  if  I  atood 
in  a  particular  spot  in  the  earden,  and  shouted  aloud,  my  words 
were  distinctly  repeated;  whereas,  if  I  moved  a  few  yards  nearer 
to  the  wall,  I  had  no  answer.  He  told  me  that  he  knew  nothing 
more  than  this,  that  in  a  part  of  Ovid*s  Metamorphoses  Echo  is 
represented  as^  having  been  a  nymph  of  the  woods,  but  that, 
pining  away  in  love,  her  voice  was  all  that  was  left  of  her. 

F.  I  apprehend  this  gave  your  sister  but  little  satisfaction  re- 
specting the  cause  of  the  echo.  I  will  endeavour  to  explain  the 
subject.  When  you  throw  a  pebble  into  a  small  pool  of  water, 
what  happens  to  the  waves  when  they  reach  the  margin  P 

C.  They  are  thrown  back  again. 

F,  The  same  happens  with  regard  to  the  undulations  in  the 
air,  which  are  the  cause  of  sound.  They  strike  against  any 
surface  fitted  for  the  purpose,  as  the  side  of  a  house,  a  brick 
wall,  a  hill,  or  even  against  trees^  and  are  reflected  or  beat  back 
again ;  this  is  the  cause  of  an  echo. 

B  4 
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JE,  I  wonder  then  that  we  do  not  hear  echoes  more  frequently. 
F,  There  must  be  several  concurring  clrcamstances  before  an 
echo  can  be  produced.    For  an  echo  to  be  heard,  the  ear  must 
be  in  the  line  of  reflection. 

C.  I  do  not  know  what  you  mean  by  the  line  of  reflection. 
F.  I  cannot  always  ayoid  using  terms  that  have  not  been  pre- 
Tiouslj  explained.  This  is  an  instance.  I  will,  however,  explain 
what  IS  meant  by  the  line  of  incidence  and  the  line  of  reflection. 
When  you  come  to  Optics,  these  subjects  will  be  made  familiar 
to  you.  You  can  play  at  marbles  ? 
b.  Yes,  and  so  can  Emma. 

F,  Suppose  you  were  to  shoot  a  marble  against  the  wainscot, 
what  would  happen  ? 

C  That  depends  on  the  direction  in  which  I  shoot  it :  if  I 
stand  directly  opposite  to  the  wainscot,  the  marble  will,  if  I 
shoot  it  strong  enough,  return  to  my  hand. 

F,  The  line  which  the  marble  describes  in  going  to  the  wall 
is  called  the  line  of  incidence^  and  that  which  it  makes  in  re- 
turning is  the  Une  of  reflection. 
JE.  But  they  are  both  the  same. 

F.  In  this  particular  instance  they  are  so :  but  suppose  you 
shoot  obliquely  or  sideways  against  the  board,  will  the  marble 
return  to  the  nand  ? 

C  O  no !  it  will  fly  off  sideways  in  a  contrary  direction. 
F.  There  the  line  it  describes  be/ore  the  stroke,  or  the  line  of 
incidence,  is  different  from  that  of  reflection,  which  it  makes 
after  the  stroke.  I  will  give  you  another  instance ;  if  you  stand 
before  the  looking-glass  you  see  yourself,  because  the  rajrs  of 
light  flow  from  you,  and  are  reflected  back  again  in  tlie  same 
line.  But  let  Emma  stand  on  one  side  of  the  room,  and  yon 
on  the  other  side :  you  both  see  the  glass  at  the  upper  end  of 
the  room  ? 

E.  Yes,  and  I  see  Charles  in  it  too. 

C.  I  see  Emma,  but  I  do  not  see  myself. 

F.  This  happens  just  like  the 

marble  which  you  shot  sidewise. 

The  rays  flow  from  Emma  ob- 

liqudy  on  the  glass,  upon  which 

j  they  strike  and  fly  off  in  a  con* 

\.  trary  direction,  and  by  them  you 

see  her.    I  will  apply  this  to  sound; 
If  a  beil  a  be  struck,  and  the  un- 
dulation of  the  air  air  strike  the 
^fUh  ss.  wall  c  </  in  a  perpendicular  direc«» 

tion,  they  will  be  reflected  bac^  in  the  same  line ;  and  if  a 
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person  were  properly  situated  between  a  and  c,  as  at  *,  he 
would  hear  the  sound  of  the  bell  by  means  of  the  undulations 
as  they  went  to  the  wall,  and  he  would  hear  it  again  as  they 
came  back,  which  would  be  the  echo  of  the  first  sound. 

E,  I  now  understand  the  distinction  between  the  direct  sound 
and  the  echo. 

F,  If  the  undulations  strike  the  wall  obliquely,  they  will,  like 
the  marble  against  the  wainscot,  or  the  rays  of  fight  against  the 
glass,  fly  off  again  obliquely  on  the  other  side,  m  a  reflected 
line,  as  c  m ;  now  if  there  be  a  hill  or  other  obstacle  between 
the  bell  and  the  place  m  where  a  person  happens  to  be  standing, 
he  will  not  hear  the  direct  sound  of  the  bell,  but  only  the  echo 
of  it,  and  to  him  the  sound  will  come  along  the  line  c  m. 

C,  I  have  heard  of  places  where  the  sound  is  repeated 
several  times. 

F,  This  happens  where  there  are  a  number  of  walls,  rocks, 
&c.,  which  reflect  the  sound  from  one  to  the  other ;  and  where 
a  person  happens  to  stand  in  such  a  situation  as  to  intercept  all 
the  lines  of  reflection.  These  are  called  tautological  or  babbling 
echoes. 

There  can  be  no  echo  unless  the  direct  and  reflected  sounds 
follow  one  another  at  a  sufficient  intenral  of  time ;  for  if  the 
latter  arrive  at  the  ear  before  the  impression  of  the  direct 
sound  ceases,  the  sound  will  not  be  double,  but  only  rendered 
more  intense. 

E,  Is  there  any  rule  by  which  the  time  may  be  ascertained? 

F,  You  must  be  so  placed  in  regard  to  the  reflecting  surface, 
that  the  Original  sound  shall  have  .died  away  before  ihe  vibra- 
tion can  be  reflected  back.  If  it  takes  one  second  to  die  away, 
you  must  allow  it  somewhat  more  than  1142ft;  and  must 
therefore  be  above  half  that  distance,  or  571  feet,  from  the  re- 
flecting surface ;  if  it  takes  two  seconds,  you  must  be  more  than 
AfL  on  285^  ft. ;  if  3  seconds,  more  than  ^^  or  190^  ft  dis- 
tant, and  so  on :  and  if  several  syllables  are  repeated  before  the 
echo  commences,  you  may  fairly  calculate  how  far  distant  the 
reflecting  surface  is,  from  the  time  that  elapses  between  your 
commencing  and  the  echo  commencing. 


CONVERSATION  XIV. 

Of  the  Echo. 

F,  I  will  now  name  to  you  some  of  the  most  celebrated 
echoes.  At  Rossneath,  near  Glasgow,  there  is  an  echo  that  re- 
peats a  tune  played  with  a  trumpet  three  times  comnsAfi^Vj  vs^ 
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distinctly.  Near  Rome  there  was  one  that  repeated 'what  a 
person  said  five  times.  At  Brussels,  there  is  an  echo  that 
answers  15  times.  At  Thornbury  Castle,  Gloucestershire,  an 
echo  repeats  10  or  11  times  very  distinctly.  Between  Cob- 
lentz  and  Bingen  an  echo  is  celebrated  as  different  from  most 
others.  In  common  echoes  the  repetition  is  not  heard  till 
some  time  after  hearing  the  words  spoken  or  notes  sung ;  in 
this  the  person  who  speaks  or  sings  is  scarcely  heard,  but  the 
repetition  is  perceived  very  clearly,  and  in  surprising  varieties. 
The  echo  in  some  cases  appears  to  be  approaching,  in  others 
receding ;  sometimes  it  is  heard  distinctly,  at  others  scarcely  at 
all;  one  person  hears  only  one  voice,  while  another  hears 
several.  And,  to  mention  but  one  more  instance,  in  Italy,  near 
Milan,  the  sound. of  a  pistol  is  returned  56  times.  The  inge- 
nious Mr.  Derham .  applied  the  echo  to  measuring  inaccessible 
distances. 

C  How  did  he  do  this  ? 

jP.  Standing  on  the  banks  of  the  Thames,  opposite  to  Wool- 
wich, be  observed  the  echo  of  a  single  sound  was  reflected  from 
the  houses  in  three  seconds ;  consequently  in  that  time  it  had 
travelled  3426  feet,  the  half  of  which,  or  1713  feet,  was  the 
breadth  of  the  river  in  that  particular  place. 

Did  you  ever  hear  of  the  Whispering  Gallery  in  the  dome  of 
St.  Paul's  Church  ? 

JS.  Yes ;  and  you  promised  to  take  us  to  visit  it  some  time. 

F,  And  I  will  perform  my  promise.  In  the  meanwhile  it 
may  be  proper  to  inform  you,  that  the  circumstance  that  at- 
tracts evQry  person's  attention  is,  that  the  smallest  whisper 
made  against  the  wall  on  one  side  of  the  gallery  is  distinctly 
heard  on  the  other  side. 

C,  Is  this  effect  produced  on  the  principle  of  echo  ? 

F.  No ;  it  is  merely  reflection  of  sound.  The  vaulted  roof  is 
of  such  a  shape,  that  a  line  drawn  from  the  hearer,  and  another 
from  the  speaker  to  any  spot  make  the  same  angle  ;  and  conse- 
quently every  spot  sends  a  wave  of  sound  to  the  hearer,  and  he 
thus  hears  a  sound  of  a  magnified  intensity. 

F!.  I  have  heard  of  the  echo  of  Westminster  Bridge,  papa  ? 

F,  This  is  somewhat  of  a  similar  nature.  If  you  place 
yourself  in  what  is  called  the  focus  of  one  of  the  stone  recesses, 
and  speak  toward  the  wall,  while  your  brother  stands  in  the  op- 
posite recess  with  his  face  to  the  wall,  he  will  hear  what  you 
say,  in  spite  of  the  noise  of  the  carriages.  The  sound  from 
your  lips  is  reflected  in  straight  lines  from  the  wall,  passes  across 
the  road  in  straight  lines,  touches  the  wall  of  the  other  recess, 
and  is  reflected  back  to  your  brother's  ear  in  a  focus. 
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C,  Is  there  a  material  difference  in  the  conveyance  of  sound, 
whether  the  medium  be  rough  or  smooth  ? 

F,  The  difference  is  very  great.  Still  water  is,  perhaps,  the 
best  conductor  of. sound.  The  echo  which  I  mentioned  in  the 
neighbourhood  of  Milan  depends  much  on  the  water  over 
which  the  villa  stands.  Dr.  Hutton,  in  his  Mathematical 
Dictionary,  gives  the  following  instance,  as  a  proof  that  moisture 
has  a  considerable  effect  upon  sound.  A  house  in  Lambeth 
Marsh  is  very  damp  during  winter,  when  it  yields  an  echo, 
which  abates  as  soon  as  it  becomes  dry  in  summer.  To  in- 
crease the  sound  in  a  theatre  at  Home,  a  canal  of  water  was 
carried  under  the  floor,  which  caused  a  great  difference. 

Kext  to  water,  stone  is  reckoned  a  good  coixductor  of  sound, 
though  the  tone  is  rough  and  disagreeable  ;  a  well-made  brick 
wall  has  been  known  to  convey  a  whisper  to  the  distance  of 
200  feet  nearly.  Wood  is  sonorous,  and  produces  the  most 
agreeable  tone,  and  is  therefore  the  most  proper  substance  for 
musical  instruments.  Of  these  we  shall  say  a  word  or  two  be- 
fore we  quit  the  subject  of  sound. 

E,  All  wind  instruments,  as  flutes,  trumpets,  &c.,  must  de- 
pend on  the  air ;  but  do  stringed  instruments  ? 

F,  They  all  depend  on  the  vibrations  which  they  make  in  the 
surrounding  air.  I  will  illustrate  what  I  have  to  say  by  means 
of  the  ^olian  harp. 

If  a  cord  eight  or  ten  yards  long  be  stretched  very  tightly 
between  two  points,  and  then  struck  with  a  stick,  the  whole 
string  will  not  vibrate,  but  there  will  be  several  still  places  in 
it,  which  are.  called  nodes,  between  which  the  cord  will  move. 
Now,  the  air  acts  upon  the  strings  of  the  iBolian  harp  in  the 
same  manner  as  the  stroke  of  the  stick  upon  the  long  cord  just 
mentioned.  Hence  every  string  in  an  ^olian  harp,  though  all 
are  in  unison,  becomes  capable  of  several  sounds,  from  which 
arises  the  wild  harmony  of  that  instrument. 

The  undulations  of  the  air,  caused  by  the  quick  vibrations  of 
a  string,  are  well  illustrated  by  a  sort  of  mechanical  sympathy 
that  exists  among  accordant  sounds.  If  two  strings  on  differ- 
ent instruments  are  tuned  in  unison,  and  one  be  struck,  the 
other  will  reply,  though  they  be  several  feet  distant  from  one 
another. 

£,  How  is  this  accounted  for  ? 

F,  The  waves  made  by  the  first  string  being  of  the  same  kind 
as  would  be  made  by  the  second  if  struck,  those  waves  give  a 
mechanical  stroke  to  the  second  string,  and  produce  its  sound. 

C  If  all  the  strings  on  the  iBolian  harp  are  set  to  the  same 
note,  will  they  all  vibrate  by  striking  only  one  ? 
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F,  They  wiU ;  bat  the  fact  is  well  illustrated  in  this  method  ; 
bend  little  bits  of  paper  over  each  string,  and  then  strike  on6 
sufficiently  to  shake  off  its  paper,  and  you  will  see  the  others 
will  fall  from  their  strings. 

E,  Will  not  this  happen  if  the  strings  are  not  in  unison  ? 

F,  Try  for  yourself.  Alter  the  notes  of  all  the  strings  but 
two,  and  place  the  papers  on  again ;  vibrate  that  string  which 
b  in  unison  with  another. 

E.  The  papers  on  those  are  shaken  off;  but  the  others  remiun. 

F,  A  wet  finger  pressed  round  the  edge  of  a  thin  drinking^ 
glass  will  produce  its  key.  If  the  glass  be  struck  so  as  to  pro- 
duce its  pitch,  and  an  unison  to  that  pitch  be  strongly  excited 
on  a  violoncello,  the  glass  will  be  set  m  motion,  and  if  near  the 
edge  of  the  table,  will  be  liable  to  be  shaken  off. 

On  the  same  principle  the  musical  glasses  are  constructed, 
which  are  said  to  produce  sweeter  tones  than  can  be  had  ftova. 
any  other  instrument,  and  that  may  be  swelled  and  softened  at 
pleasure  by  different  pressures  of  tne  finger. 

The  fundamental  facts  on  which  the  whole  depends  are  these. 
The  nature  of  the  tone,  as  to  gramhj  or  acvienessy  depends  alto- 
gether upon  the  number  of  vibrations  made  in  a  given  time . 
the  sweetness  of  the  tone  depends  upon  the  vibrating  substance 
of  the  instrument,  and  more  or  less,  also,  upon  we  shape  or 
symmetry  of  the  instrument.  Any  substance  whatever,  when 
it  makes  118  vibrations  in  a  second,  will  yield  a  tone  which  is 
in  unison  with  the  lowest  c  upon  our  violoncellos.  If  any 
sonorous  body  give  twice  this  number,  or  236  vibrations  in  a 
second,  the  tone  will  be  c,  an  octave  higher.     If  it  be  made  to 

five  472  vibrations  in  a  second,  the  sound  will  be  an  octave 
igher  still.  K  the  vibrations  in  a  second  were  f  of  118,  or 
177,  the  sound  yielded  would  be  g,  a  fifth  above  the  first  c ; 
854,  708,  1416,  &c.,  would  give  a  series  of  g's  successively,  each 
an  octave  above  the  preceding.  And,  in  like  manner,  interme- 
diate numbers  of  vibrations  easily  computed  would  yield  aU  the 
intermediate  tones  and  semitones  in  an  octave. 


CONVERSATION  XV. 
Of  the  Winds, 

F.  You  know,  my  dear  children,  what  the  wind  is  ? 

C.  You  told  us,  a  few  days  ago,  that  you  should  prove  it 
was  only  the  air  in  motion. 

F.  I  can  show  you  in  miniature,  that  air  in  motion  will  pro- 
duce effects  similar  to  those  produced  by  a  violent  wind.    . 
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I  place  this  little  mill  under  the  receiver  of  the  air-pump  in 
such  a  manner  that  the  air,  when  re-entering,  may  catch  the 
ranes.  I  will  exhaust  the  air ;  now  observe  what  happens 
when  the  stop-cock  is  opened. 

E,  The  vanes  turn  round  with  an  incredible  velocitjr ;  much 
swifler  than  ever  I  saw  the  vanes  of  a  real  windmill.  But 
what  puts  the  air  in  motion,  so  as  to  cause  the  wind  ?  I  mean 
in  the  actual  case  of  the  wind. 

F.  There  are,  probably,  many  conspiring  causes  to  produce 
the  eflre<;t.  The  principal  one  seems  to  be  heat  communicated 
by  the  sun. 

C  Does  heat  produce  wind  ? 

F,  Heat,  you  know,  expands  all  bodies;  consequently  it 
rarefies  the  air,  and  make  it  lighter.  But  you  have  seen  that 
the  lighter  fluids  ascend,  and  thereby  leave  a  partial  vacuum, 
towards  which  the  surrounding  heavier  air  presses,  with  a 
greater  or  less  quantity  of  motion,  according  to  the  degree  of 
rarefaction  or  of  heat  which  produces  it.  l%e  air  of  this  room, 
by  means  of  the  fire,  is  much  warmer  than  that  in  the  passage. 

F,  Has  that  in  the  passage  a  tendency  into  the  parlour  ? 

F»  Take  this  lighted  wax  taper  and  huld  it  at  the  bottom  of 
the  door. 

C  The  wind  blows  the  flame  violently  into  the  room. 

F,  Hold  it  now  at  the  top  of  the  door. 

C  The  flame  rushes  outwards  there. 

jP.  This  simple  experiment  deserves  your  attention.  The 
heat  of  the  room  rarefies  the  air,  and  the  lighter  particles  as- 
cending, a  partial  vacuum  is  made  at  the  lower  part  of  the 
room  :  to  supply  the  deficiency,  the  dense  outward  air  rushes 
in,  while  the  lighter  particles,  as  they  ascend,  produce  a  current 
at  the  top  of  the  door  out  of  the  room.  If  you  hold  the  taper 
about  the  middle  space,  between  the  bottom  and  top,  you  will 
find  a  part  in  which  the  flame  is  perfectly  still,  having  no  ten-* 
dency  either  inwards  or  outwards. 

The  smoke-jack,  so  common  in  the  chimneys  of  large  kitchens, 
consists  of  a  set  of  vanes,  something  like  those  of  a  windmill  or 
ventilator,  fixed  to  wheelwork,  which  are  put  in  motion  by  the 
current  of  air  up  the  chimney,  produced  by  the  heat  of  the 
fire,  and  of  course  the  force  of  the  jack  depends  on  the  strength 
of  the  fire,  and  not  upon  the  quantity  of  smoke,  as  the  name  of 
the  machine  would  lead  you  to  suppose. 

F.  Would  you  define  the  wind  as  a  current  of  air  ? 

F.  That  is  a  very  proper  definition  ;  and  its  direction  is  de- 
nominated from  that  quarter  from  which  it  Hows. 
■  C.  When  the  wind  blows  from  the  north  or  south,  do  you 
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say  it  is  in  the  former  case  a  north-wind,  and  in  the  latter  a 
south  wind  f 

F,  We  do.  The  winds  are  generally  considered  as  of  three 
kinds  independently  of  the  names  which  they  take  from  the 
points  of  tne  compass  from  which  they  blow.  These  are  the 
constant,  or  those  which  always  blow  in  the  same  direction ; 
the  periodical,  or  those  which  blow  six  months  in  one  direction, 
and  BIX  in  a  contrary  direction  ;  and  the  variable,  which  appear 
to  be  subject  to  no  general  rules. 

E,  Is  there  any  place  where  the  wind  always  blows  in  one 
direction  only  ? 

F,  This  happens  to  a  very  large  part  of  the  earth ;  to  all 
that  extensive  tract  that  lies  between  28  to  30  degrees  north 
and  south  of  the  equator. 

C  What  is  the  cause  of  this  ? 

F.  The  equatorial  regions  are  the  hottest  in  the  world ;  and 
hence  to  the  poles,  the  average  temperature  is  less  and  less. 
The  heated  air  of  the  tropics  rises  to  the  upper  regions  and 
passes  off  towards  the  poles,  while  the  air  oi  the  lower  strata 
passes  towards  the  equator.  Thus  far  it  would  produce  a 
constant  north  wisd  on  the  north  of  the  equator,  and  a  south 
wind  on  the  south  side.  But^  as  the  earth  rotates  from  west  to 
east,  and  with  its  own  velocity,  which  these  winds  have  not 
acquired,  they  are  as  it  were  lefk  behind ;  and  the  result  is  a 
north-east  wind  on  the  north  of  the  equator,  and  a  south-east 
on  the  south ;  and  at  the  equator  the  result  is  a  constant  east- 
wind  ;  the  north  and  the  south  portions  neutralising  each  other 
and  leaving  only  the  east.  These  winds  are  called  irade-tdinds, 
and  have  more  or  less  north  and  south  in  them  according  as  they 
are  more  or  less  distant  from  the  equator. 

E,  In  what  part  of  the  globe  do  the  perio^itoa/ winds  prevail  ? 

F,  They  prevail  in  several  parts  of  tne  Eastern  and  Southern 
Oceans,  and  evidently  depend  on  the  sun ;  for  when  the  appa- 
rent motion  of  that  body  is  north  of  the  equator,  that  is,  from- 
the  end  of  March  to  the  same  period  in  September,  the  wind 
sets  in  from  the  south-west ;  and  the  remainder  of  the  year, 
while  the  sun  is  south  of  the  equator,  the  wind  blows  from  the 
north-east.  These  are  called  the  monsoons,  or  shifting  trade- 
winds,  and  are  of  considerable  importance  to  those  who  make 
voyages  to  the  East  Indies. 

C  Do  these  changes  take  place  suddenly  ? 

jP.  No;  some  days  before  and  after  the  change  there  are 
calms,  variable  winds,  and  frequently  the  most  violent  storms. 

On  the  greater  part  of  the  coasts  situated  between  the 
tropics,  the  wind  blows  towards  the  shore  in  the  daytime,  and 
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towards  the  Bea  hj  night.  These  winds  are  called  sea  and 
land  breezes ;  they  are  affected  by  mountains,  the  course  of 
rivers,  tide,  &c. 

S,  Is  it  the  heat  of  the  sun  by  day  that  rarefies  the  air  over 
the  land,  and  thus  causes  the  wind? 

F,  It  is ;  the  following  easy  experiment  will  illustrate  the 
subject. 

In  the  middle  of  a  large  dish  of  cold  water  put  a  water-plate 
filled  with  hot  water:  the  former  represents  the  ocean,  the 
latter  the  land,  rarefying  the  air  over  it.  Hold  a  lighted 
candle  over  the  cold  water,  and  blow  it  out ;  the  smoke,  you 
see,  moves  towards  the  plate.  Reverse  the  experiment,  by 
filling  the  outer  vessel  with  warm  water,  and  the  plate  with 
cold,  the  smoke  will  move  from  the  plate  to  the  dish. 

C,  In  this  country  there  is  no  regularity  in  the  direction  of 
the  winds;  sometimes  the  easterly  winds  prevail  for  several 
days  together,  at  other  times  I  have  noticed  the  wind  blowing 
from  all  quarters  of  the  compass  two  or  three  times  in  the 
same  day. 

F.  The  variableness  of  the  wind  in  this  island  depends  pro- 
bably  on  a  variety  of  causes  ;  for  whatever  destroys  the  equili- 
brium in  the  atmosphere,  produces  a  greater  or  less  current  of 
wind  towards  lAie  place  where  the  rarefaction  exists. 

C.  Is  there  any  method  of  ascertaining  the  velocity  of  the 
wind? 

F.  Yes  :  several  machines  have  been  invented  for  the  pur- 
pose. Dr.  Derham,  by  means  of  the  flight  of  small  downy 
feathers,  contrived  to  measure  the  velocity  of  the  great  storm 
which  happened  in  the  year  1705,  and  he  found  that  the  wind 
moved  33  feet  in  half  a  second,  that  is,  at  the  rate  of  45  miles 
per  hour ;  and  it  has  been  proved  that  the  force  of  such  a  wind 
IS  equal  to  the  perpendicular  force  of  10  pounds  avoirdupois, 
weight  on  every  square  foot.  Now  if  you  consider  the  surface 
which  a  large  tree,  with  all  its  branches  and  leaves,  presents  to 
the  wind,,  and  the  great  length  of  lever  at  which  the  forces  act, 
you  will  not  be  surprised  that,  in  great  storms,  some  of  them 
should  be  torn  up  by  the  roots. 

F,  Is  the  velocity  of  45  miles  an  hour  supposed  to  be  the 
greatest  velocity  of  the  wind  P 

F,  Dr.  Derham  thought  the  greatest  velocity  to  be  about  60 
miles  per  hour ;  but  we  have  no  doubt  that  the  velocity  is  oflen 
considerably  greater.  Lunardi  and  Garnerin  were  carried  in 
their  respective  balloons  at  the  rate  of  70  miles  an  hour,  and 
not  in  the  time  of  a  violent  storm.    We  have  tables  calculated 
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to  show  the  force  of  the  wind  at  all  velocities  from  1  to  100 
miles  per  hour. 

C.  Does  the  force  bear  aYij  general  proportion  to  the  ve- 
locity ? 

F,  Yes,  it  does ;  the  force  increases  as  the  square  of  the  ve- 
locity. 

£1.  Do  you  mean,  that  if  on  a  piece  of  board,  exposed  to  a 
given  wind,  there  is  a  pressure  equal  to  1  pound,  and  the  same 
board  be  exposed  to  another  wind  of  double  velocity,  the  pressure 
will  be  in  this  case  4  times  greater  than  it  was  before  ? 

F.  That  is  the  rule.  The  following  short  table,  selected  from 
a  larger  one  out  of  Dr.  Hutton*s  Dictionary,  will  fix  the  rule 
and  facts  in  your  memory. 

TABLE. 


YelodtyoftheWind, 
in  Miles  per  Hour. 

Perpendicular  Force  on 

1  Square  Foot  in 
Founds  Avoirdupois. 

Common  Appellations  of  the  Wind. 

5 

10 
20 
40 
80 

•123 

•492 

1-968 

7-872 

31-488 

Gentle  pleasant  wind. 
Brisk  gale. 
Very  brisk. 
High  wind. 
A  hurricane. 

E,  Did  we  not  see  an  instrument  for  measuring  wind  at  the 
Polytechnic,  papa? 

F.  Yes,  dear ;  it  was  Osier  s  anemometer:  it  not  only  measures 
the  pressure  and  direction  of  the  wind,  but  it  writes  them  down 
in  pencil.  The  vane  on  the  top  of  the  building  presents  a  square 
plate  to  the  wind ;  this  plate  is  mounted  on  certain  springs,  which 
are  more  or  less  pressed  upon,  as  the  wind  is  higher  or  not.  The 
rate  of  pressure  is  communicated  to  a  rod,  which  passes  down  in 
the  interior  of  the  building,  and  carries  a  pencil  point :  this  point 
varies  its  position,  according  as  the  pressure  varies ;  and(a  sheet 
of  paper  divided  into  hours  passes  by  means  of  clockwork  be- 
neath the  pencil,  and  receives  the  record.  A  similar  pencil  point, 
connected  with  the  vane,  registers  the  change  of  wind. 

C.  But  that  is  surely  not  Osler*s  anemometer  on  the  Koyal 
Exchange  ? 

F,  N^o ;  it  is  Whewell's :  it  reffisters  the  velocity  of  the  wind ; 
you  observe  the  fly  rotating ;  of  course  it  moves  faster  as  the 
wind  is  hieher,  and  the  roistered  i*e8ult  varies  accordingly. 

Note, — Mr.  Brice  discovered,  from  observations  on  the  clouds, 
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or  their  shadows  moving  on  the  surface  of  the  earth,  that  the 
velocity  of  wind  in  a  storm  w^  nearly  63  miles  in  an  hour,  21 
miles  in  a  fresh  gale,  and  nearly  10  miles  in  a  breeze.  These, 
however,  are  not  very  accurate  estimates. 


CONVERSATION  XVI, 
Ofihe  Steam' Engine, 

C.  To  whom  is  the  world  indebted  for  the  steam-engine  ? 

F,  It  is  difficult,  if  not  impossible,  to  ascertain  who  was  the 
inventor.  The  Marquis  of  Worcester  described  the  principle  in. 
a  small  work,  entitled  **  A  Century  of  Inventions,"  which  was 
published  in  the  year  1663,  and  was  reprinted  a  few  vears  since 
in  the  second  volume  of  Dr.  Gregory's  "  Mechanics/ 

E,  Did  the  marquis  construct  one  of  these  engines  ? 

F.  No;  the  invention  seems  to  have  been  neglected  for 
several  years,  when  Captain  Thomas  Savery,  after  a  variety  of 
experiments,  brought  it  to  some  degree  of  perfection,  by  which 
he  was  able  to  raise  water,  in  small  quantities,  to  a  moderate 
height. 

C.  Did  he  take  the  invention  from  the  Marquis  of  Worcester's 
book  P 

F,  Dr.  Desaguliers,  who,  in  the  middle  of  the  last  centurv, 
entered  at  large  into  the  discussion,  maintains  that  Captain 
Savery  was  wholly  indebted  to  the  marquis,  and,  to  conceal  the 
piracy,  he  charges  him  with  having  purchased  all  the  books 
which  contained  the  discovery,  and  burned  them.  Captain 
Savery,  however,  declared  that  he  was  led  to  the  discovery  by 
the  following  accident:  ^^Havina  drunk  a  flask  of  Florence  wine 
at  a  tavern,  and  thrown  the  flass  on  the  fire,  he  perceived  that 
the  few  drops  in  it  were  converted  into  steam ;  this  induced  him 
to  snatch  it  from  the  fire,  and  plunge  its  neck  into  a  basin  of 
water,  which,  by  the  atmospheric  pressure,  was  driven  quickly 
into  the  bottle. 

E,  This  was  something  like  an  experiment  which  I  have  oflen 
seen  at  the  tea-table.  If  I  pour  half  a  cup  of  water  into  the 
saucer,  then  hold  a  piece  of  lighted  paper  in  the  cup  a  few  seconds, 
and  when  the  cup  hi  pret^warm,  plunge  it  with  the  mouth  down- 
wards into  the  saucer,  IMf  #&ter  almost  instantly  disappears. 

F,  In  both  oases  the  j^flltoiple  is  exactly  the  same :  the  heat 
of  the  burning  paper  coir^i^ts  the  water  that  hung  about  the 
cup  into  steam ;  but  steafo,  being  much  lighter  than  air,  expels 
the  air  from  the  cup,  which  being  plunged  into  the  water,  the 
iteam  is  quickly  condensed,  and  a  partial  vacuum  is  made  in  tho 
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eup;  conieqnenlly  the  preHure  of  the  fttmoapliere  upon  the 
water  in  the  saucer  forces  it  into  the  cup,  just  in  the  Mine  man- 
ner ai  the  water  follows  the  vacuum  made  in  the  pump. 

C.  Is  steam,  then,  used  for  the  purpose  of  makmg  a  vacnam, 
iiutead  of  a  piston  ? 

F.  It  is  1  and  I  will  endeavour  to  give  ^ou  a  general  explana- 
tion of  Mr.  Watt's  engines,  without  entering  into  all  the  minutiie 
of  the  several  parts. 

A  is  a  section  of  the  boiler,  about  half  full  of  water,  standing 
over  a  lire :  B  is  the  steam-pipe  which  conveys  the  sieam  from 
the  boiler  to  the  cylinder  c,  in  which  the  piston  it,  made  air-tight, 
works  up  and  down;  a  and  care  the  steam-valves,  tiirough  which 
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the  steam  enters  into  the  cylinder;  it  is  admitted  through  a  when 
it  is  to  force  the  piston  downwards,  and  through  e  when  it  presses 
it  upwards :  b  and  d  are  the  eduction  valves,  through  which  the 
steam  passes  from  the  cylinder  into  the  condenser  e,  which  is  a 
separate  vessel  placed  in  a  cistern  of  cold  water,  and  which  has  a 
jet  of  cold  water  continually  playing  up  the  inside  of  it  :y  is  the 
air-pump,  which  extracts  the  air  and  water  from  the  condenser 
It  is  worked  by  the  great  beam  or  lever  bs,  and  the  water  taken 
from  the  condenser,  and  thrown  into  the  hot  well  g^  is  pumped 
up  again  by  means  of  the  pumpy,  and  carried  back  into  the  boiler 
by  the  pipe  t  i :  k  is  another  pump,  likewise  worked  by  the  engine 
itself,  which  supplies  the  cistern,  in  which  the  condenser  is  fixed 
with  water. 

C  Are  all  three  pumps,  as  well  as  the  piston,  worked  by  the 
action  of  the  great  beam  ? 

F,  They  are :  and  you  see  the  piston-rod  is  fastened  to  the 
beam  by  inflexible  bars :  but  that  the  stroke  might  be  perpen- 
dicular, Mr.  Watt  invented  the  machinery  called  the  parallel 
joint,  the  construction  of  which  will  be  easily  understood  from 
the  figure. 

JS.  How  are  the  valves  opened  and  shut  ? 

F,  Long  levers  o  and  p  are  attached  to  them,  which  are  moved 
up  and  down  by  the  piston-rod  of  the  air*pump  b  f.  In  order 
to  communicate  a  rotatory  motion  to  any  machinery  by  the 
motions  of  the  beam,  Mr.  Watt  made  use  of  a  large  fly-wheel  z, 
on  the  axis  of  which  is  a  small  concentric  toothed  wheel  h  ;  a 
similar  toothed  wheel  i  is  fastened  to  a  rod  t  coming  from  the 
end  of  the  beam,  so  that  it  cannot  turn  on  its  axis,  but  must  rise 
and  fall  with  the  motion  of  the  great  beam. 

A  bar  of  iron  connects  the  centres  of  the  two  small  toothed 
wheels ;  when,  therefore,  the  beam  raises  the  wheel  i,  it  must 
move  round  the  circumference  of  the  wheel  h,  and  with  it  turn 
the  fly-wheel  x ;  which  will  make  two  revolutions  while  the 
wheel  I  goes  round  it  once.  These  are  called  the  sun  and  planet 
wheels ;  h,  like  the  sun,  turns  only  on  its  axis,  while  i  revolves 
about  it  as  the  planets  revolve  round  the  sun.  In  modem 
engines,  cranks  are  used  in  place  of  these  toothed-wheels. 

If  to  the  centre  of  the  fly-wheel  any  machinery  were  fixed^ 
the  motion  of  the  great  beam  b  s  would  keep  it  in  constant, 
work. 

C.  Will  you  describe  the  operation  of  the  engine  P 

F*  Suppose  the  piston  at  tne  top  of  the  cylinder,  as  it  is  re- 
presented m  the  plate,  and  the  lower  part  of  the  cylinder  filled' 
with  steam.    By  means  of  the  pump-rod  b  f,  the  steam  valve  a 
and  the  eduction  valve  d  will  be  opened  together,  the  branches. 
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from  them  being  connected  at  o.  There  being  now  a  commu* 
nication  at  d  between  the  cylinder  and  condenser,  the  steam  19 
forced  from  the  former  into  the  latter,  leaving  the  lowest  part 
of  the  cylinder  empty,  while  the  steam  from  the  boiler  entering 
by  the  yalye  a  presses  upon  the  piston,  and  forces  it 
down.  As  soon  as  the  piston  has  arrived  at  the  ^^ 
bottom,  the  steam  valve  c  and  the  eduction  valve  h  fPp^ 
are  opened,  while  those  at  a  and  d  are  shut;  the  T^^ 
steam,  therefore,  immediately  rushes  through  the 
eduction  valve  h  into  the  condenser,  while  the  piston 
is  forced  up  again  by  the  steam  which  is  now  admitted 
by  the  valve  c. 

Hence,  you  observe,  that  the  steam  is  condensed 
in  a  separate  vessel,  for  the  purpose  of  forming  a 
vacuum  under  the  piston  ;  the  force  of  steam  is  also 
introduced  above  the  piston  to  depress  it,  an  opera-     pj 
tion  that  was  formerly  done  by  the  pressure  of  the        '* 
atmosphere. 

Meditate  upon  what  we  have  now  said,  and  ere  long  I  hope 
we  shall  be  able  to  pursue  the  subject. 


CONVERSATION  XVTI. 
Of  the  Steam'JBngine,  —  Of  the  Locomotive. 

C  I  do  not  understand  how  the  two  sets  of  valves  act,  which 
you  described  yesterday  as  the  steam  and  eduction  valves, 

F,  If  you  look  to  fig.  27.  there  is  a  different  view  of  this  part 
of  the  machine,  unconnected  with  the  rest :  s  is  part  of  the  pipe* 
Which  brings  the  steam  from  the  boiler,  and  a  represents  tne 
talve  which,  being  opened^  admits  the  steam  into  the  upper  part 
df  the  cylinder,  forcmg  down  the  piston. 

£!,  Is  not  the  valve  d  opeiied  at  the  same  time  ? 

F.  It  is ;  and  then  the  steam  which  was  under  the  piston  is 
ibrced  through  into  the  condenser  e.  When  the  pist^m  arrives 
itt  the  bottom,  the  other  pair  of  valves  are  opened,  viz.  e  and  h; 
through  c  the  steam  nuses  the  piston,  and  through  b  the  steam, 
which  pressed  the  piston  down  before,  is  ()riven  out  into  the  pipe 
r,  leading  to  the  condenser ;  in  this  there  is  a  jet  of  cold  water 
constantly  playing  up,  and  thereby  the  steam  is  instantly  re- 
duced into  the  state  of  water. 

C.  Then  the  condenser  e  (see  the  figure  at  p.  258.)  iriU  sden 
beftdl  ofwatefrP 

F,  It  would,  if  it  were  not  connected  by  the  pipe  z  with  the 
pxxmpf;  and  every  time  the  great  beam  s  s  is  brought  d^Vrn,- 
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the  plunger,  at  the  bottom  of  the  piston-rod  s  f,  descends  to  the 
bottom  of  the  pump. 

E.  Is  there  a  valve  in  the  plunger  ? 

F,  Yes,  which  opens  upwards ;  consequently,  all  ths  water 
which  runs  out  of  the  condenser  into  the  pump  will  escape 
through  the  valve,  and  be  at  the  top  of  the  plunger,  and  tne 
valve  not  admitting  it  to  return,  it  will,  by  the  ascent  of  the 
piston-rod  into  the  situation  shown  in  the  plate,  be  driven 
through  n  into  g^  the  cistern  of  hot  water,  from  which,  owing  to 
a  valve,  it  cannot  return. 

C  And  I  see  the  same  motion  of  the  great  beam  puts  the 
pump  y  into  action,  and  brings  over  the  hot  water  from  the 
cistern  g^  through  the  pipe  t  i  into  the  little  cistern  v,  which 
supplies  the  boiler. 

E,  If  the  pump  k  brings  in,  by  the  same  motion,  the  water 
from  the  well  w,  do  not  the  hot  and  cold  water  intermix  ? 

F,  No ;  if  you  look  carefully  in  the  figure,  you  will  observe 
a  strong  partition  v,  which  separates  the  one  from  the  other. 
Besides,  you  may  perceive  that  the  hot  water  does  not  stand  at 
so  high  a  level  as  the  cold,  which  b  a  sufficient  proof  that  they 
do  not  communicate.  Indeed,  the  operation  of  the  engine  would 
be  greatly  injured,  if  not  wholly  stopped,  if  the  hot  water  com^ 
niunicated  with  the  cold ;  as  in  that  case  the  water,  being  at  a 
medium  heat,  would  be  too  warm  to  condense  the  steam  in  0, 
and  too  cold  to  be  admitted  into  the  boiler  without  checking  the 
production  of  the  steam. 

C  There  are  some  parts  of  the  apparatus  belonging  to  the 
boiler  which  you  have  not  yet  explained.  What  is  the  reason 
that  the  pipe  9,  which  conveys  the  water  from  the  cistern  y  to 
the  boiler,  is  turned  up  at  the  lower  end  ? 

F,  li  it  were  not  bent  in  that  manner,  the  steam  that  is 
generated  at  the  bottom  of  the  boiler  would  rise  into  the 
pipe,  and  in  a  great  measure  prevent  the  descent  of  the  water 
through  it. 

J?.  In  this  position  I  see  clearly  no  steam  can  enter  the  pipe, 
because  steam,  being  much  lighter  than  water,  must  rise  to  the 
surface,  and  cannot  possibly  sink  through  the  bended  part  of 
the  tube.     What  does  m  represent  ? 

F,  It  represents  a  stone  suspended  on  a  wire,  which  is 
shown  by  the  dotted  line :  this  stone  is  nicely  balanced  by 
means  ol  a  lever,  to  the  other  end  of  which  is  another  wii-e 
connected  with  a  valve  at  the  top  of  the  pipe  q^  that  goes, 
down  from  the  cistern. 

C.  Is  the  stone  so  balanced  as  to  keep  the  valve  sufficiently 
open  to  admit  a  proper  quantity  of  water  ? 
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F.  It  is  re|>resented  hj  the  figure  in  that  situfttion.  B/  ft 
principle  in  hydrostatics*,  with  which  jou  are  acquainted,  the 
stone  18  partlj  supported  bj  the  water :  if  then  bj  increasing 
the  fire,  too  great  an  eraporation  take  pUce,  and  the  water  in 
the  boiler  sim^  below  its  proper  leTel,  the  stone  also  must  sink, 
which  will  cause  the  yalye  to  open  wider,  and  let  that  from  the 
cistern  come  in  faster.  If,  on  the  other  hand,  the  eraporation 
be  less  than  it  ought  to  be,  the  water  will  have  a  tendencj  to 
rise  in  the  boiler ;  and  with  that  the  stone  must  rise,  and  the 
yalye  will,  consec^uently,  let  the  water  in  with  less  Telocity : 
bj  this  neat  contnrance,  the  water  in  the  boiler  is  always  kept 
at  one  leveL 

E.  What  are  the  pipes  /  and  «  for  ? 

F.  They  are  seldom  used,  but  are  intended  to  show  the 
exact  height  of  the  water  in  the  boiler.  The  one  at  /  reaches 
very  nearly  to  the  surface  of  the  water  when  it  is  at  the  proper 
height :  that  at  u  enters  a  Uttle  below  the  surface.  If  then  the 
water  be  at  its  proper  height,  and  the  cocks  /  and  «  be  opened, 
Mteam  will  issue  from  the  former^  and  water  from  the  latter. 
But  if  the  water  be  too  high^  it  will  rush  out  at  /  instead  of 
steam ;  if  too  low^  the  steam  will  issue  out  at  u  instead  of 
water. 

C  Suppose  things  to  be  represented  as  in  the  plate,  whj  will 
the  water  rush  out  of  the  cock  a  if  it  be  opened  ?  it  will  not 
rise  above  its  level. 

F,  True :  but  you  forget  that  there  is  a  constant  pressure  of 
the  steam  on  the  surface  of  the  water  in  the  boiler  which  tends 
to  raise  the  water  in  the  pipe  «.  This  pressure  would  force  the 
water  through  the  pipe,  as  in  an  artificial  fountain.  See  Con- 
versation VIII. 

E.  You  said  Captain  Savery  was  the  inventor  of  the  steam- 
engine. 

jP.  His  invention  went  merely  to  raising  water  from  pits  and 
mines.  But  in  its  present  improved  state,  the  steam-engine  is 
applied  to  a  thousand  useful  and  important  purposes ;  and  the 
improvements  and  modifications  of  late  years  have  been  very 
great.  But  it  would  occupy  us  too  long,  and  take  us  very  mucn 
from  our  purpose,  were  I  to  attempt  more  than  this  general 
description.  I  must  refer  you  to  treatises  on  the  steam-engine 
for  further  information.  The  engine  I  have  described  acts  by 
steam  at  low  pressure :  locomotives  require  high-pressure  steam. 

jB.  Explain  to  us  the  meaning  of  high-pressure  steam. 

F,  When  water  is  boiled  in  an  open  vessel,  it  begins  to  be 

•  See  H jdroetotice,  C<mvereati<m  XI*  « 
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converted  into  steam  as  soon  as  its  temperature  readies  212* 
Fahrenheit ;  and  the  bubbles,  which  you  observe  rising  from 
the  part  of  the  vessel  which  is  nearest  to  the  fire,  and  ascending 
to  the  surface,  are  steam ;  and,  under  such  circumstances,  one 
pint  of  water  will  produce  1700  pints  of  steam  ;  and  the  water^ 
so  long  as  the  steam  is  free  to  escape,  retains  the  temperature 
of  212°  and  no  more,  however  great  the  fire  mav  be ;  and  also 
keeps  the  vessel,  in  which  it  is  boiling,  down  to  the  same  temr 
perature,  so  long  as  any  water  remains. 

C.  Tlien  I  suppose  that  212°  is  always  the  boiling  point  ? 

F,  Not  at  all :  it  is  the  boiling  point  of  water ;  and  that  only 
under  the  conditions  in  question. 

E,  Why  do  you  lay  so  much  stress  on  the  word  water  f  I 
thought  that  boiling  hot  was  the  same  for  all  things  boiling. 

F,  No.  The  temperatures  at  which  liquids  boil  are  very 
various ;  and  each  has  its  own  boiling-point.  You  may  re- 
member the  practice  of  besieged  citizens  in  the  feudal  times, 
who  poured  boiling  oil  from  the  walls  of  the  town  on  their 
assailants,  which  penetrated  within  their  armour,  and  scalded 
them  most  fearfully,  notwithstanding  the  heat  lost  in  the  opera- 
tion. And  no  wonder ;  for  whale  oil  boils  at  the  high  tempe* 
rature  of  630°.  On  the  other  hand,  ether  boils  at  the  low  tem- 
perature of  96°,  and  spirits  of  wine  at  the  temperature  of  173®. 

E,  Ah  I  now  I  see:  212°  is  the  boiling  pomt  of  water ^  but 
not  necessarily  of  other  liquids. 

F,  Not  so  fast,  my  dear.  The  water  that  is  boiling  in  the 
kitchen  is  hotter  than  the  water  boiling  in  the  garret.  Water 
on  a  high  mountain  boils  at  a  lower  temperature  than  water 
boiled  in  a  vallev.  At  the  top  of  Mont  Blanc,  for  instance, 
Saussure  found  tne  boiling  point  of  water  to  be  187°;  which  is 
25°  lower  than  its  boiling  point  at  the  level  of  the  sea. 

C  What  is  the  cause  of  these  great  difierences  ? 

F,  Atmospheric  pressure.  Water  in  a  valley  has  the  whole 
of  the  atmosphere  above  it,  and  is  pressed  upon  by  a  column 
equal  in  weight  to  about  30  inches  of  mercury,  or  I4|^lbs.  on 
the  square  inch ;  whereas  water  on  a  mountain  has  part  of  the 
atmosphere  beneath  it,  and  therefore  only  a  portion  above  it  and 
pressing  upon  it ;  and  it  is  these  difierences  of  pressure  that 
cause  difierences  in  the  boiling-point. 

E,  Then  I  suppose,  papa,  that  water  boils  at  a  very  low  tem- 
perature in  a  vacuum  when  there  is  no  pressure  ? 

F,  It  does ;  and  partly  on  this  principle  depends  a  method  oi 
producing  ice  by  the  use  of  the  air-pump.  I  can  Illustrate  if<^ 
however,  in  a  more  direct  way. — Take  a  clean  Florence  fiask, 
and  prepare  a  cork  to  fit  it  well.    Boil  some  water  la  th&  ^^s^> 

s  4 


M4      -.^^  rXEUMATICS. 

OTcr  m  laiii|N  md  w Wb  on  the  lull  boQ  cork  it  tigM  mad  fCBKnre 
the  lamp ;  when  the  boiling  will  immediatelj  ceaie.  Dip  it  bow 
in  m  bttin  of  cM  water,  ami  it  will  begin  to  boil  again. 

C  I  tee  how  this  is. — ^Tbe  cold  water  oondeoaes  the  ▼aponr, 
with  which  the  upper  portion  of  the  fla^  was  filled,  and  tins 
removes  its  pressure ;  and  consequentlj*  in  aoeordanoe  with  the 
laws  that  jou  have  just  given  us,  the  water  boils  although  it  is 
a  little  colder. 

F.  You  are  right ;  and  in  this  account  I  said  that  the  oork 
must  be  filaced  in  while  the  boiliiu;  ^oes  on,  and  while,  oonse- 
i^inentJj,  the  upper  part  of  the  flask  is  full  df  steam  and  not  of 
air :  for  the  steam  is  at  once  condensed  bj  the  af^ilication  of 
cold,  but  atmospheric  air  is  but  little  aflected. 

C.  But  bow  does  all  this  bear  upon  the  locomotiTe  engine, 
and  on  high-pressure  steam  ? 

P.  From  uie  replj  jou  just  gave  me,  I  see  that  jon  under- 
stand the  efiect  of  pressure, — ^tlmt  the  less  it  is,  the  easier  water 
boils ;  and  so,  on  toe  other  band,  thegreater  it  is,  the  higher  is 
the  temperature  of  boiling  water.  The  bc»ling  point  is  higher 
in  the  depths  of  a  coal-mme,  than  on  the  surfsce  above.  And 
if,  instead  of  condensing  the  steam,  as  we  did  in  the  Florence 
flask,  we  confine  it,  and  add  steam  to  steam,  the  water  gets 
much  hotter,  and  the  elastic  force  of  the  steam  beccmies  very 
great.  This  plan  is  pursued  in  the  boilers  of  locomotive  engine?, 
and  the  steam  is  accumulated  and  kept  to  a  pressure  of  70  or 
80  lbs.  on  the  square  inch,  or  4  or  5  atmospheres,  and  in  this 
state  is  allowed  to  enter  the  cylinders,  and  act  by  its  elastic 
force  sffainst  the  pistons :  the  temperature  of  the  water  under 
these  circumstances  is  from  306°  to  315°;  being  about  100° 
hotter  than  water  boiled  in  an  open  vessel. 

C  I  am  very  anxious  to  understand  the  construction  of  a 
locomotive  engine,  and  the  uses  of  its  several  parts. 

F,  The  whole  machine  consists  essentially  of  two  parts,  the 
engine  properly  so  called,  and  the  tender,  which  carries  the 
water  and  fuel.  The  drawing  before  you  (fig.  28.)  is  the  sec* 
tion  of  a  locomotive  engine.  The  fire  is  contained  in  a  large 
space  A,  called  the  Jtre'hox ;  and  the  communication  between 
tne  fire  and  the  chimney  n,  instead  of  being  by  means  of  a  single 
flue,  consists  of  a  large  number  of  brass  tubes  c  c  c  c,  about  2 
inches  in  diameter,  passing  bodily  through  the  boiler  d  :  the 
number  and  arrangement  of  these  tubes  depends  on  the  pur* 
poses  for  which  the  engine  is  required.  Two  or  three  hundred, 
and  even  more,  are  introduced  in  powerful  engines. 

C  What  is  the  object  of  all  these  tubes  ? 

F,  It  is  to  increiue  the  heating  surface ;  that  is,  to  allow  the 
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fire  and  the  boiler  to  come  into  contact  over  a  very  large 
amount  of  space.  For  in  order  to  keep  up  the  high  pressure 
required,  it  is  necessary  that  the  steam  be  generated  very 
rapidly ;  which  is  accomplished  by  having  an  intensely  hot  fire, 
and  by  presenting  a  large  surface  of  water  to  the  fire.  If  you 
look  more  carefully  to  tibe  figure,  you  will  see  that  this  is  com- 
menced by  an  extension  of  the  boiler  see,  which  surrounds  the 
fire-box ;  in  fact,  with  the  exception  of  the  space  occupied  by 
the  fire-bars  c,  and  the  fire-door  o,  the  fire  is  bounded  on  afi 
sides  by  the  water  in  the  boiler.  But,  large  though  this  sur- 
face is,  the  tubes  present  many  times  as  much  more.  As,  for 
instance,  Crampton^s  express  engine  shown  at  the  Great 
Exhibition  had  154  fit.  of  heating  surface  in  the  fire-box ;  and 
2136  ft.  in  the  tubes ;  making  a  total  of  2290  square  feet,  being 
nearly  equal  to  a  single  surface  48  ft.  square.  The  engine  made 
and  exhibited  by  the  Great  Western  Railway  Company  had 
150  ft.  of  fire- box  surface,  and  1759  ft.  of  tube  surface,  in  all 
1909  square  feet.    And  this  engine  had  305  tubes. 

C.  I  had  no  idea  that  so  large  a  surface  of  the  boiler  was  pre- 
sented to  the  fire ;  but  I  see  the  necessity  of  some  such  arrange- 
ment, in  order  to  keep  up  the  large  supply  of  steam  that  is 
used  and  then  escapes  from  the  funnel.  Where  is  this  steam 
collected,  and  how  is  it  applied  ? 

F,  The  lower  or  shaded  part,  of  the  boiler  represents  the 
water ;  the  upper  and  light  part  the  steam  space.  An  elevation 
H  is  seen  on  tne  boiler  sometimes  near  the  funnel,  sometimes 
elsewhere.  It  is  a  strong  cylinder  of  iron,  and  is  concealed 
from  the  eye  within  a  dome.  Inside  this  cylinder  is  the  steam- 
pipe  I,  being  the  channel  through  which  the  steam  passes,  in 
order  to  do  its  work;  its  mouth  is  funnel-shaped,  and  then 
raised  up  high,  In  order  as  much  as  possible  to  prevent  par- 
ticles of  water  passing  with  the  steam  into  the  c^lmders,  tech- 
nically termed  priming,  which  is  both  inconvenient  and  mis- 
chievous. In  front  or  the  steam-pipe  is  the  regulator  k,  con- 
sistingVof  two  discs  face  to  face,  each  having  corresponding 
openings.  In  one  position,  the  openings  of  one  disc  are  faced 
by  the  perfect  parts  of  the  other,  and  the  regulator  is  closed ; 
in  another  position,  the  openings  correspond,  and  the  regulator 
is  open.  A  rod  li  extends  from  the  regulator  through  the 
steam  space,  and  terminates  in  a  handle  or  lever  m,  by  which 
the  engme- driver  resulates  the  supply  of  steam. 

E.  Why,  that  is  just  like  the  little  brass  ventilator  on  the 
oven-door  in  the  kitchen  range. 

F,  It  is ;  and  the  valve  on  the  top  of  a  balloon,  which  is 
opened  or  closed  by  ropes  passing  through  the  body  of  the  bol- 


THE  LOCOMOTIVB. 


loon  into  the  csr,  and  by  which  gas  in  let  out,  is  of  a  Bimiln 
construction.  On  leaTing  the  regulator,  the  steam  passes  on- 
ward bjr  the  pipe  n,  and  diverges  bj  two  pipes,  of  whiuh  one  o 
is  seen.  These  lead  respectivelv  each  to  n  valve-box,  P  ;  and 
from  these  boxes,  the  steam  is  admitted  by  the  valves  along  tha 
passages  (t4  into  the  cylinder  B,  alternately  on  each  side  of  the 
piston  s.  When  the  piston  is  aC  the  end  of  the  stroke,  other 
valves  open,  and  the  steam,  having  done  its  work,  is  directed  to 
the  pipe  T,  called  very  justly  the  blail-pipe ;  for  the  exhausted 
steam  is  still  in  a  high  state  of  pressure,  and  rushes  violently 
through  the  blast-pipe,  and  escapes  in  those  well-known  dense 
clouds,  through  the  funnel  s. 

O.  What  a  very  strong  draft  this  must  canse  in  the  chimney  F 

F.  It  does;  and  thus,  after  bavins  done  its  proper  dnty  in 

moving  the  piston,  it  here  does  the  anal  duty  analogous  to  ^hak 
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cf  pifCfAd  bdlovs ;  for,  mdui^  riolcBtlT  «p  tibe  fiumd,  it 
grntlj  incmws  ihit  cummi  of  heated  air  fhinagh  the  tubes, 
and  henee  |ao»olcj  the  iatauitj  of  the  fire.  The  space  v 
sanomdiag  the  biasC-pip  is  called  the  twtake  fcsx,  and  is  for- 
Bid»ed  vith  a  door  t,  which,  when  open,  expoMS  the  ends  of  aU 
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rod  thrcM^  ea^  tabe,  and  dean  it  fivia  dast  aad  eoke. 
The  boiler  is  polected  bj  two  aaletj-Talvcs ; 


thedoiae  ■,  whica  is  ai^osted  to  the  renlated  aiMMDit  of  prea- 
sore,  70  or  80  lbs. ;  or,  m  the  engines  I  hare  quoted,  120  lbs. 
per  square  inch;  snd  which  lets  off  the  steaBD^  iLodd  it  exceed 
the  giren  pressare.  The  other,  x,  is  withia  reach  of  the 
drirer,  and  br  which  he  regnlates  to  a  lower  psvssare,  as  he 
■Mj  reqaire. 

C.  I  see  deailj  how  dus  pi^yents  too  anidk  steaai  aocu- 
ainlatiag  io  the  steaai-space,  and  lisfcii^  aa  exphwioa.  Bat 
how  does  the  driver  Acorer  that  the  itfiai  iparf  itself  does 
not  Tarj  in  aixe?  I  Mean,  that  the  water  continiies  to  its 
proper  lerel?' 

P.  He  has  bdbre  him  a  strong  glass  tabe,  the  lower  end  of 
which  is  fixed  into  a  codi  that  enters  the  water,  and  the  apper 
end  iDto  a  cock  that  enters  the  steam-^Miee.  The  water  in  this 
tnbe  sboold  show  the  sbbk  level  »m  that  in  the  boiler,  and  is  a 
guide  to  the  eje;  as  a  still  farther  secoritj,  there  are  two 
gange  codu  at  a  and  It,  one  of  whidi  shoold  blow  off  steam  and 
tbe  other  water,  if  all  is  r^ht. 

JE.  But  if  the  aian  finds  too  little  water,  how  does  he  manage 
to  pot  in  more  ?  h  must  boQ  awaj  rerj  £ut  to  make  so  much 


P.  He  carries  with  him  a  siqiplj  of  water  in  the  iemder; 
(the  Great  Western  engine  abore  mentioned  carries  1600 
gallons);  and  the  ei^ine  is  famished  with  pampa,  which  are 
allowed  to  act,  and  pump  water  iato  the  boiler  as  recpnred,  the 
BMytioo  o£  the  engine  worfcii^  the  paams.  The  consomption  of 
water  depends  apon  the  engine  itadf^and  cm  the  amount  of 
work  done,  and  may  ymtj  from  20  eallons  per  mile  and  ap- 
wards ;  and  8  or  10  lbs.  of  coke  wiS  oonTert  a  cnbic  fi)ot  of 
water  into  steam. 

C  And  now  tell  as  how  the  motion  of  the  piston  pn^iels 
theennne. 

P.  The  piston-rod  t  is  attached  bj  the  connectii^-rod  s  to 
the  crank  c,  and  thus  turns  the  axle  d,  and  with  it  the  drtmag" 
wheel  e.  This  whed  is  sometinies  coupled  bj  a  rod  to  another 
wheel,  and  aometimes  not.  It  gripe  tne  rail  e*  it  rerolTes,  and 
thus  causes  the  engine  to  pn^greas.    The  grip  is  euised  bj  the 
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mere  dead  weight  of  the  engine  pressing  upon  the  rails.  Under 
certain  unfavourable  circumstances,  the  wheels  slip  rouiyl  on 
the  rails  and  do  not  move  onward ;  this  is  when  the  rails  are 
wet  and  sreasj.  In  such  cases,  sand  is  thrown  on  the  rail  in 
front  of  uie  driving-wheel ;  for  which  purpose  an  iron  box  is 
fixed  on  the  engine-frame,  with  a  tube  leading  down  in  front  of 
the  driving-wheel  and  near  to  the  rail. 

The  axle  that  carries  the  driving-wheel,  carries  also  several 
eccentrics,  to  which  are  attached  rods  leading  to  the  various 
steam  valves ;  and  these  rods  are  so  adjusted  as  to  open  and 
close  their  respective  valves  in  the  proper  order.  If  to  these  I 
add  that  the  tender  (fig.  29.)  consists  of  a  large  iron  tank 
mounted  on  wheels ;  that  the  tank  is  connected  trith  the  pumps 
f  by  the  pipes  g  g^  "that  space  is  provided  for  the  necessary 
quantity  of  coke,  and  that  it  is  furnished  with  the  breaks  x, 
which  by  means  of  a  lever  and  screw  apply  wooden  blocks 
A  A  A  A  to  the  wheels  when  the  engine  is  to  be  brought  to  a 
stand,  I  have  explained  the  leading  parts  of  a  locomotive  engine. 

The  engine  has  bufiers  or  spring  cushions  t,  and  so  has  the 
tender ;  there  are  also  buffers  between  the  engine  and  tender 
to  absorb  the  force  of  blows :  A  is  a  safety  cock,  for  clearing 
the  cylinder  of  water ;  /  is  the  pipe  throuph  which  the  water 
passes  from  the  pumps  into  the  Doiler ;  m  is  the  foot-plate  oh 
which  the  driver  stands,  with  the  tail  n  for  his  protection ;  o  is 
the  steam  whistle,  which  is  really  a  brass  bell,  that  h  sounded 
by  the  rush  of  steam  upon  its  edges  from  a  circulai^  opening, 
around  the  lower  hemisphere ;  p  is  the  lever  for  opening  a 
steam-way  to  the  whistle. 

C  Before  we  conclude,  I  should  be  glad  to  have  some  idea 
of  the  load  that  can  be  drawn  by  powerful  engines  and  a  few 
other  data. 

F,  The  Great  Western  engine  eah  draw  120  toiw^  at  the 
rate  of  60, miles  an  hour;  it  is  of  743  hotse  power.  The 
weights  are. 

Engine  -  -  - 

Coke  and  Water 

Tender  -  -  - 

Water  -  .  - 

Coke  -  -  -  - 

52  13 

Cylitider  18  in.  iii  diameter ;  length  of  stroke  of  pistoii  2  f%. ; 
diameter  of  driving  wheel  8  ft. ;  going  29  miles  an  hour  with  a 
load  of  90  tons,  it  bums  20(  Ibs;  of  coke  per  mile. 
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CONVERSATION  XVIH. 
Of  (he  Steam^Engine^  and  PapirCa  Digester, 

C.  We  have  seen  the  structure  of  the  steam-engine  and  if  a 
mode  of  operation ;  but  you  have  not  told  us  the  uses  to  which 
it  is  applied. 

F.  The  application  of  this  power  was  at  first  devoted  to  the 
raising  of  water,  either  from  the  mines,  which  could  not  be 
worked  without  such  aid,  or  to  the  throwing  it  into  reservoirs, 
for  the  purpose  of  supplying  places  which  are  higher  than  the 
natural  level  of  the  stream. 

E.  I  am  sure,  papa,  steam  is  now  applied  to  many  more  pur- 
poses than  this,  it  would  not  be  a  very  easy  tadc  to  enu- 
merate them  all. 

F,  It  would  not  indeed,  my  dear  ^irl;  it  would  be -a  far 
less  difficult  matter  to  tell  you  what  it  is  not  applied  to.  I  can 
scarcely  look  round  on  anything  about  me  which  is  not  more  or 
less  indebted  to  this  wondrous  power  of  elasticity  of  vapour. 
Let  us  take  the  one  example — railroad  locomotion,  A  vessel 
of  boiling  water  over  a  good  fire  flies  away  with  a  dozen  or  more 
carriages,  each  freighted  with  a  score  of  human  soids,  and  whisks 
them  U>om  east  to  west,  from  north  to  south,  at  the  rates  of  40, 
50,  60,  and  more  miles  per  hour.  And  the  same  power,  in  de- 
fiance of  wind  and  wave,  moves  mighty  ships  even  across  the 
pathless  and  wide  Atlantic. 

E,  The  force  of  steam  must  be  very  great ! 

JF*.  From  a  great  variety  of  accidents  that  have  happened 
through  careless  people,  it  appears  that  the  expansive  ^ce  of 
steam,  suddenly  raised,  is  much  stronger  than  even  that  of  gun- 
powder. At  the  cannon  foundry  in  Moorfields,  some  years  ago, 
hot  metal  was  poured  into  a  mould  that  accidentally  contained 
a  small  quantity  of  water,  which  was  instantly  converted  into 
steam,  and  caused  an  explosion  that  blew  the  foundi'y  to  pieces. 
A  similar  accident  happened  at  a  foundry  in  Newcastle,  which 
occurred  from  a  little  water  having  insinuated  itself  into  a  hollow 
brass  ball  that  was  thrown  into  the  melting  pot. 

C.  These  facts  bring  to  my  mind  a  circumstance  that  I  have 
oflen  heard  you  relate,  as  coming  within  your  knowledge. 

F.  You  do  well  to  remind  me  of  it.  The  fact  is  worth  re- 
cording. A  nobleman,  who  was  carrying  on  a  long  series  of  ex- 
periments, wished  to  ascertain  the  strength  of  a  copper  vessel, 
and  gave  orders  to  his  workmen  for  the  purpose.  The  vessel, 
however,  burst  unexpectedly,  and,  in  the  explosion,  it  beat  down 
the  brick  wall  of  the  building  in  which  it  was  placed,  and  waa  . 
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bv  the  force  of  the  steam,  carried  15  or  20  jards  from  it ;  geteral 
of  the  bricks  were  thrown  70  jards  from  the  spot;  ft  leaden  pipe, 
suspended  from  an  adjoining  building,  was  bent  into  a  right 
ansle;  and  seversl  of  the  men  were  so  dreadfulij  brtiised  or 
scaldw3,  that  for  many  weeks  they  were  unable  to  stir  from  th«r 
beds.  A  very  intelligent  person,  one  of  the  sufferers,  who  con- 
ducted the  experiment,  assured  me  that  he  had  not  the  smaUest 
recollection  how  the  accident  happened,  or  by  what  means  he 
got  to  his  bedroom  after  the  explosion. 

E.  Is  it  by  Ibe  force  of  steam  that  bones  are  dissolved  in 
Fapin's  Digester,  which  you  promised  to 
describe  F* 

F.  No ;  that  operation  is  performed  hj 
the  great  heat  produced  in  the  digester, 
This  is  a  repreaeniation  of  one  of  these 
machines.  It  is  a  strong  metal  pot,  at 
least  an  inch  thick  in  every  part ;  the  top 
is  screwed  down,  so  that  no  steam  can  es- 
cape  but  through  the  valve  v. 
Fir  30.  C.  What  kind  of  a  valve  is  It  ? 

F,  It  is  a  conical  niece  of  brass,  made  to  fit  very  accurately, 
but  easily  movable  by  the  steam  of  the  water  when  it  boils  ; 
consequently'  in  its  aimpie  state,  the  heat  of  the  water  will  never 
be  much  greater  than  that  of  boiling  water  in  an  open  vessel. 
A  steelyard  is  therefore  fitted  to  it,  and,  by  moving  the  weight 
VI  backwards  or  forwards,  the  steam  will  have  a  lesser  or  greater 
pressure  to  overcome.  And,  as  it  is  the  pressure  of  the  atmo- 
sphere that  causes  the  heat  of  boiling  water  to  be  greater  in  an 
open  vessel  than  in  one  from  which  the  air  is  exhausted,  bj 
confining  the  steam,  the  pressure  may  be  incKSsed  to  any  gireu 
df^ree.  If,  fur  instance,  a  force  equal  to  14  or  15  pounds  be 
put  on  the  valve,  the  pressure  upon  the  water  will  be  donble 
that  produced  by  the  atmosphere,  and  of  course  the  heat  of  the 
water  will  be  greatly  increased. 

C-  la  there  no  danger  to  he  apprehended  from  the  bursting 
of  the  vessel  F 

F,  If  care  be  taken  so  as  not  to  load  this  valve  too  much,  the 
danger  is  not  very  great.     But  in  experiments  made  to  asc 
the  strength  of  anj  particular  vessel,  the  utmost  precaution 
be  taken. 

Under  the  direction  of  Mr.  Papin,  the  original  inventor,  the 
bottom  of  a  digester  was  torn  off  with  a  wonderiiil  explosion  ; 
the  blast  of  the  expanded  water  blew  all  the  coals  out  of  the  fire- . 
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place,  the  remainder  of  the  vessel  was  hurled  across  the  room, 
and  striking  the  leaf  of  an  oaken  table  an  inch  thick,  broke  it  in 
pieces.  Not  the  least  sign  of  water  could  be  discerned,  and 
eyery  coal  was  extinguished  in  a  moment. 

JE/.  You  have  told  us  that  water,  and  of  course  the  steam 
with  it,  when  under  a  high  pressure,  is  hotter  than  ordinary 
boiling  water ;  now,  how  can  this  be  ?  for  Mary  scalded  her 
arm  dreadfully  by  carelessly  allowing  the  steam  of  the  kettle  to 
touch  it,  and  yet  I  saw  the  assistant  at  the  Polytechnic  put  his 
hand  into  the  jet  issuing  from  the  powerful  steam  boiler.  He 
said,  it  was  cool  rather  t£an  warm;  I  must  say,  I  hardly  believed 
him. 

F,  He  spoke  the  truth,  nevertheless :  for  what  think  you  is 
the  first  thing  the  steam  does  on  getting  out  of  the  orifice ;  of 
course,  it  expands.     Now  you  remember  my  having  proved  to 


Tou  that  bodies  expanding  take  in  heat ;  this  is  the  case  with 
nigh-pressure  steam ;  it  expands  so  greatly  and  to  quickly,  that 
it  has  not  time,  as  it  were,  to  acquire  heat  from  the  immense 


receptacle  it  has  just  left,  and,  therefore,  abstracts  it  from  any- 
thing it  gets  near ;  but  when  it  has  expanded  to  the  full,  as  at 
a  greater  distance  from  the  jet,  the  heat  is  distributed,  and  then 
it  would  scald. 


CONVERSATION  XIX. 
Of  (he  Barometer. 

F,  I  shall  proceed  with  an  account  of  the  barometer,  which, 
with  the  thermometer,  is  to  b^  found  in  almost  every  house.  I 
will  show  you  the  principle  of  the  barometer,  without  any  regard 
to  the  frame  to  which  it  is  attached. 

A  B  is  a  glass  tube,  about  33  or  34  inches  long, 
closed  at  top ;  d  is  a  cup  or  small  cistern,  partly  fill^ 
with  quicksdver.  I  fill  the  tube  with  the  quicKsilver, 
and  then  put  my  finger  upon  the  mouth,  so  as  to  pre- 
vent any  of  it  from  running  out ;  I  now  invert  the 
tube,  and  plunge  it  in  the  cup  d.  You  see  the  mer- 
cury subsiaes  three  or  four  inches ;  this  tube,  if  fixed 
to  a  graduated  frame,  will  ^ive  you  an  idea  of  a  baro- 
meter ;  and  you  know  it  is  consulted  by  those  who 
study  and  attend  to  the  changes  of  the  weather. 

E,  Why  does  not  all  the  quicksilver  run  out  of  the 
tube  ?  ^*«-  «^ 

JF*.  Mercury,  as  you  will  find  by  referring  back  to  the  list  of 
specific  gravities,  is  13*596  times  heavier  than  water  at  the  tern- 
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perature  of  32^.  You  have  also  been  told,  when  we  talked  of 
pumps,  that  the  pressure  of  the  atmosphere  would  balance  a 
column  of  about  34  feet  of  water,  —  accurately  speaking  it  is 
33*464  feet  It  ought,  therefore,  on  the  same  principle,  to 
balance  33*464  feet,  or  401*568  inches,  of  mercury,  divided  by 
13-596. 

S,  The  quotient  is, — let  me  see, — ^^^29*53  inches. 

F,  By  this  method  Torricelli  was  led  to  construct  the  baro- 
meter. 

He  suspected  that  the  pressure  of  the  atmosphere  was  the'cause 
of  the  ascent  of  water  in  the  vacuum  made  m  pumps,  and  that 
a  column  of  water,  between  33  and  34  feet  hign,  was  a  counter- 
poise to  a  column  of  air  which  extended  to  the  top  of  the  atmo- 
sphere. ,  And  if  so,  that  a  column  of  mercury  shorter  than  34 
feet,  in  proportion  as  mercury  is  heavier  than  water,  would 
likewise  sustain  the  pressure  of  the  atmosphere ;  he  obtained  v^ 
glass  tube  for  the  purpose,  and  found  his  reasoning  just. 

C.  Did  he  apply  it  to  the  purpose  of  a  weather-glass  ? 

F.  No ;  it  was  not  till  some  tune  after  this  that  the  pressure 
of  the  air  was  known  to  vary  at  different  times  in  the  same  place« 
As  soon  as  that  was  discovered,  the  application  of  the  Torricel- 
lian tu^e  to  the  examination  of  the  cnanges  of  the  weather  im- 
mediately succeeded. 

C  A  barometer,  then,  is  an  instrument  used  for  measuring 
the  weight  or  pressure  of  the  atmosphere. 

F.  That  is  the  principal  use  of  the  barometer ;  if  the  air  be 
dense,  the  mercury  rises  in  the  tube,  and  indicates  fair  weather ; 
if  it  become  light,  the  mercury  falls,  and  presages  rain,  snow, 
&c.* 

The  height  of  the  mercury  in  the  tube,  in  this  country,  flue-, 
tuates  between  28  and  31  inches. 

i.  Is  the  fluctuation  of  the  mercury  diflerent  in  diflerent 
parts  of  the  world  ? 

F,  There  are  diurnal  variations  in  the  barometer,  which  de- 
pend on  the  geographical  position  of  the  place :  the  mercury 
falls  at  certain  hours,  and  rises  at  other  certain  hours.  Kear 
the  equator,  the  differences  between  the  maximvm  and  minimum 
are  great,  in  high  latitudes  less. 

Oreat  Ocean,  P«tertburg, 

Lat.OOO'.  Lat.  690  6^. 

Maximum  (10  p.m.)      „     29*587  inches.  29*842. 

Minimum    (4  a.m.)      „     29-526.  29*841. 

Difference  -061.  'OOl. 

«  8«t  the  nilM«t  page  S81. 
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There  are  two  maxima  and  minima  per  daj ;  and  the  times 
of  these  rarr  with  the  seasons ;  being  nearer  to  noon  in  winter 
than  in  summer. 

There  are  rariatioos  depending  on  the  aasaoaf ;  and  thej  are 
lem  at  the  equator,  and  greater  in  high  latitudes,  as  the  following 
illuitration  will  show  :  — 

Winter  (mean  range)     „    0*110  indies.  1*451  inches. 

Summer      n        n        n     0*106.  07S4. 


Difference  0^)04.  0.667. 

C.  I  see  bj  these  examples  that,  during  a  dmf  in  high  latitudes, 
the  Tariations  in  the  height  of  the  mercurr  are  not  great,  but 
durinff  a  jreor  thej  are  great ;  and  the  rererse  is  the  case  in  low 
latitudes. 

jF.  It  is  so ;  but  these  periodic  rariadons  are  often  lost  in  the 
aecidemial  Tariations,  as  thej  are  termed,  which  arise  from  the 
weather,  properlj  so  called ;  and  are  due  to  rain,  wind,  storms, 
&c. ;  and  which  are  tct  j  marked  in  high  latitudes. 

E.  How  high  and  how  low  has  the  barometer  been  noted  in 
England  ? 

F.  The  highest  to  which  I  can  refer  was  30*89  inches  at 
Greenwich,  in  1825,  and  the  lowest  in  1821,  at  the  same  {dace, 
27*99  inches ;  the  difierence  is  2*9  inches.  The  mean  annual 
height  at  Greenwich  is  29*87  inches,  and  the  mean  annual  range 
1*9^  inches. 

At  Paris,  the  greatest  height  has  been  30*7  inches,  and  the 
least  28*2  inches ;  the  difierence  being  2*5  inches.  The  mean 
height  then  is  29*77  inches. 

C.  The  scale  of  Tariation  is  the  silvered  plate,  which  is  di- 
vided into  inches  and  tenths  of  an  inch  :  but  what  do  you  call 
the  movable  index  ? 

P,  It  is  called  a  vender^  from  the  inventor's  name,  and  the 
use  of  it  is  to  show  the  fluctuation  of  the  mercury  to  the 
hundredth  part  of  an  inch.  The  scale  of  inches  is  placed  on  the 
right  side  of  the  barometer  tube,  the  banning  of  the  scale 
beine  the  surface  of  the  mercury  in  the  basin :  the  vernier  ]date 
and  mdex  are  movable,  so  that  the  index  may,  at  any  time,  be 
set  to  the  upper  surface  of  the  column  of  mercury. 

E,  I  have  often  seen  you  move  the  index,  but  I  am  still  at  a 
loss  to  conceive  how  you  divide  the  inch  into  hundredth  parts 
by  it. 

F.  The  barometer  plate  is  divided  into  tenths ;  the  length  of 
the  vernier  is  eleven  tenths,  but  divided  into  ten  equal  parts. 
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C.  Then  each  of  the  ten  parts  ia  equal  to  a  tenth  of  ai 
and  a  tenth  part  of  a,  tenth. 

F.  IVue;  out  the  tenth  part  of  a  tenth  iaec^ual  to  ahundredth 
part,  for  jou  remember,  that  to  divide  a  fraction  hy  any  number 
IS  to  multiply  the  denominator  of  the  fraction  hj  the  number, 
thus  -^  divided  bv  10=y^. 

Suppose  the  index  of  the  vernier  to  coincide  esactlj  with  one 
of  the  divisions  of  the  scale  of  variation,  as  29'3. 

E.  Then  there  is  no  difficulty ;  the  height  of  the  barometer  ia 
said  to  be  29  inches  and  three  tenths. 

F.  Perhaps,  in  the  course  of  a  few  hours,  you  observe  thnt  the 
mercury  has  risen  a  very  little ;  what  will  you  do  P 

£,  Iwill  raise  the  vernier  even  with  the  mercurv. 

F.  And  JOU  find  the  index  so  much  higher  than  the  di- 
vision 'S  on  the  scale  as  to  bring  the  figure  1  on  the  vernier  even 
with  the  second  tenth  on  the  scale. 

E.  Then  the  whole  height  is  39  inches  3  tenths,  and  one  of  the 
divisions  on  the  vernier;  which  is  equal  lo  a  tenth  and  a.  hun- 
dredth; that  is,  the  height  of  the  mercury  is  20  inches,  3  tenths, 
and  ]  hundredth,  or  29-31. 

F.  If  figure  2  on  the  vernier  stand  even  with  a  division  on  the 
scale,  how  should  you  call  the  heiffht  of  the  mercury  P 

S.  Besides  the  number  of  tenths,  I  must  add  2  hundredths, 
because  each  division  of  the  vernier  contains  a  tenth  and  a  hun- 


hundredths. 

F.  Here  isarepresentaUon  AG  of  theup- 
per  part  of  s  barometer  tube ;  the  upper 
surface  of  the  quicksilver  stsnds  between  a. 
and  c :  from  z  to  z  is  part  of  the  scale  of  va- 
riation: 1  to  10  is  the  vernier,  equal  tofjtha 
of  an  inch,  but  divided  into  10  equal  parts. 
In  the  present  position  of  the  mercury,  the 
figure  4  OD  the  vernier  coincides  exactly  with 
a  line  on  the  scale:  and  finding  the  index  fig.s*. 

stand  between  the  6th  and  Tth  divisions  on  the  scale,  I  therefbre 
read  the  height  29-64 :  that  is,  29  inches,  6  tenths,  and  4  hun- 
dredths. 

C.  If  the  mercury  falls 'in  the  barometer,  it  must  alter  the 
level  of  the  mercury  in  the  reservoir  below,  and  confuse  the 

and  to  obviate  this,  the  cistern  below  has  an  ad- 
in  good  barometers,  by  which  the  true  level  can 


justing  screv 
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be  reftored  at  eacb  ohaenraiion.  In  inftrumentfl  of  tBe  best 
conBtruction,  such  as  are  used  under  Mr.  Glaisher*s  auspices 
for  standard  observations,  the  cistern  is  made  of  glass  with  a 
leathern  \)OiU)m ;  in  the  cistern,  and  risible  to  the  eye,  is  an  ivory 
point,  directed  downward  toward  the  mercury ;  this  point  is  the 
zero  or  spot  from  which  the  scale,  which  is  on  a  brass  tube,  ex* 
tending  from  end  to  end,  was  measured  in  the  construction  of 
the  barometer :  and  by  a  screw,  the  leathern  bottom  is  raised  or 
lowered  until  the  ]:>Oint  just  touches  the  mercury ;  and  this  is 
easily  seen,  for  its  sharlow  in  the  mercury  at  once  tells  when  it 
if  accurately  there.  Barometers  not  thus  provide  must  be 
corrected  for  capacity,  which  is  never  to  be  relied  on. 

C  I  suppose  that  with  such  an  instrument  the  readings  are 
absolutelv  true. 

F.  Indeed  they  arc  not.  For  you  are  aware  that  m^cury 
varies  in  bulk,  according  to  the  temperature ;  and  that  there* 
fore,  what  would  be  30  mches  on  a  cold  day  would  be  a  little 
more  than  30  inches  on  a  hot  dav :  for  instance,  a  variation  in 
temperature  from  40^  to  60^  produces  an  expansion  in  the  mer- 
cury at  30  inches,  eaual  to  a  rise  of  '054  ot  an  inch.  On  this 
account  it  has  been  uetermined  to  reduce  all  observations  to  the 
temperature  of  32%  or  the  freezing  point  of  water. 

C.  And  how  is  this  done  ? 

F,  Extensive  tables  have  been  calculated,  which  are  applic- 
able to  barometers,  with  brass  scales  extending  from  the  cistern 
to  the  top  of  the  mercurial  column,  which  is  the  construction  of 
the  proper  one  I  have  just  described.  You  will  find  them  in 
**  The  Report  of  the  Committee  of  Fhvsics,  including  Meteo- 
rology,** approved  by  the  President  ana  Ck>uncil  of  tne  Eoyal 
Society,  and  published  in  1840. 

You  will  nnd  these  corrections  for  all  temperatures  from  0^ 
to  100® ;  and  for  all  heights  from  20  inches  to  31  inches. 

C.  Why  did  vou  mention  brass  scales  ? 

F,  Because  tne  expansion  of  the  brass  can  be  as  acciurately 
calculated  as  that  of  mercury.  So  that  the  measuring  rod,  so 
to  speak,  beinff  of  one  metal,  and  the  thing  to  be  measured  being 
another  mctaC  the  tables  can  be  made  most  accurate. 

C  I  have  opened  the  **Ileport**  at  p.  84. ;  will  you  tell  me  how 
to  use  the  table  ? 

F,  Suppose  the  barometer  shows  30®  while  the  temperature 
if  60® ;  facing  these  figures  you  find  '085,  and  on  the  top  of  the 
column  is  the  sign  (^)  or  minus,  which  shows  that,  in  order  to 
correct  the  barometer  for  temperature,  or  reduce  it  to  what 
would  have  been  its  height,  had  the  temperature  been  32®,  you 
subtract  those  figures  from  the  observed  height : 
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Observed  height'       -         -         -  30° 
Correction  for  temperature         -       '085 

Corrected  height     -         -         -         -  29*915 

^  The  following  is  a  list  of  corrections  to  be  made  for  observa- 
tions of  30°  at  various  temperatures :  — 


Temp.  51°  -060 

52  -063 

53  '066 

54  -068 

55  -071 
5^  -074 

57  -076 

58  -079 

59  -082 

60  -085 


Temp. 


61<» 

62 

63 

64 

65 

66 

67 

68 

69 

70 


•087 
•090 
•093 
•095 
•098 
•101 
•103 
•106 
•109 
•111 


And,  of  course,  they  are  all  to  be  subtracted,  as  the  mercury 
would  be  more  contracted  at  32°  than  at  any  of  those  higher 
temperatures. 

C.  Then  it  is  necessary  to  have  a  thermometer  near  the  ba- 
rometer, to  read  both  before  you  can  arrive  at  the  truth  ? 

F,  You  will  not  reach  the  truth  then ;  for  there  is  another 
correction  to  make  for  the  capillary  action  between  the  glass 
and  the  mercury ;  the  effect  of  whicu  is,  to  depress  the  mercury 
in  the  tube  below  its  true  level,  by  a  certain  quantity  inversely 
proportional  to  the  diameter  of  the  tube.  Tables,  therefore,  have 
been  constructed  to  correspond  with  the  various  sizes  of  baro- 
meter tubes.  These  tubes  should  never  be  less  than  one-fifth 
or  -20  of  an  inch  in  diameter.  The  following  is  a  table  of  cor- 
rections for  tubes  from  one-fifth  to  three-fifths  of  an  inch ;  and 
which  are  in  all  cases  to  be  added. 


Diameter  of  Tube. 


*20  inches 
•25 


•30 
.35 
•40 
•45 
•50 
•60 


11 
»i 

11 

91 


Correction  for 


Boiled  Mercury. 


•029 
•020 
•014 
•010 
•007 
•005 
•003 
•002 


Unboiled. 


•060 
•040 
•028 
•020 
•014 
•010 
•007 
•004 


i 
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C  Then,  snppMOsing  the  tube  of  tlie  barometer  were  '40  or 
two-fifihfl  of  an  inch,  the  obserration  that  we  hare  just  now 
corrected  for  temperature,  requires  "007  to  be  deducted ;  thus : — 

Height  corrected  far  temperature    -         -  29**-915 
Correction  far  capiQarity      -         -        -         -007 

True  height 29*908 

F.  3Ir,  Glaisher  prefers,  very  justlj,  tables  that  give  in  one 
correction  the  total  correction  for  boUi  temperature  and  capil- 
larity, and  these,  of  course,  are  easil j  prepared  from  the  above 
tables.  I  have  given  jou  the  corrections  for  unboiled  mercury, 
in  order  to  show  jou  the  j^reat  effect  produced  by  the  omission 
of  boiling ;  but  no  scientific  instrument  should  be  thus  made. 
In  addition  to  all  these  precautions,  the  tube  must  be  accurately 
vertical ;  and  the  readings  are  to  be  made  with  the  eye,  and  the 
back  and  fore  part  of  the  index,  and  the  top  of  the  mercury 
column  all  on  tne  same  leveL 

C.  How  much  I  thank  you  for  these  instructions  ;  I  had  not 
the  least  idea  that  an  observation  of  the  barometer  was  so  im- 
portant an  affair. 

CONVERSATION  XX. 

Of  the  Barometer,  and  its  application  to  the  measuring  of 

Altitudes, 

C,  Is  the  height  of  the  atmosphere  known  ? 

F,  If  the  fluid  air  were  similar  to  water,  that  is,  everywhere 
of  the  same  density,  nothing  would  be  easier  than  to  calculate 
its  height.  When  the  barometer  stands  at  30  inches,  and  the 
thermometer  at  32®,  the  specific  gravity  of  air  is  773*28  times 
less  than  that  of  water*;  but  mercury  is  about  13*6  times 
heavier  than  water,  consequently  the  specific  gravity  of  mer- 
cury is  to  that  of  air  as  773*28  multiplied  by  13*6  is  to  1 ;  or 
mercury  is  1 1,200  times  heavier  than  air.  In  the  case  before 
us,  a  column  of  mercury,  30  inches  long,  balances  the  whole 
weight  of  the  atmosphere ;  therefore,  if  the  air  were  equally 
dense  at  all  heights  to  the  top,  its  height  must  be  10516*6  times 
30  inches ;  that  is,  the  column  of  air  must  be  as  many  times 
longer  than  that  of  the  mercury,  as  the  former  is  lighter  than 
the  latter.    Do  you  understand  me  ? 

C  I  think  r  do;  10516*6  multiplied  by  30  gives  315,498 
inches,  which  are  equal  to  5  miles  nearly. 

•  See  ConverMtioa  YI. 
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F,  That  would  be  the  height  of  the  atmosphere  if  it  w«re 
equally  dense  in  all  parts ;  "but  it  is  found  that  the  air,  bj  its 
elastic  quality,  expands  and  contracts,  and  that  at  3^  miles  above 
the  surface  of  the  earth,  it  is  twice  as  rare  as  it  is  at  its  surface ; 
that  at  7  miles  it  is  4  times  rarer;  at  10^  miles  it  is  8  times 
rarer;  at  14  miles  it  is  16  times  rarer;  and  so  on,  according  to 
the  following 

TABLE. 

3}" 

7 

j-^      miles  above  the 
>  surface  of  the 
earth,  the  air  is 


At  the 
altitude  of 


17J 
21 

24^ 
28 


2 
4 
8 

16 
32 
64 
128 
256 


times  lighter 
than  at  the 
earth*s  surface. 


Now,  if  you  were  disposed  to  canr  on  the  addition  on  one 
side,  and  the  multiplication  on  the  other,  you  would  find  that, 
at  500  miles  above  the  surface  of  the  earth,  a  single  cubical  inch 
of  such  air  as  we  breathe  would  be  so  much  rarefied  as  to  fill  a 
hollow  sphere  equal  in  diameter  to  the  vast  orbit  of  the  planet 
Saturn. 

E,  Is  it  inferred  from  this  that  the  atmosphere  does  not 
reach  to  any  very  great  height  ? 

F*  Certainly ;  for  you  have  seen  that  a  quart  of  air  at  the 
earth's  surface  weighs  but  about  14  or  15  grains ;  and  by  car- 
rying on  the  above  table  a  few  steps,  you  would  perceive  that 
the  same  quantity,  only  49  miles  high,  would  weigh  less  than 
the  16  thousandth  part  of  14  grains;  consequently  at  that 
height  its  density  must  be  next  to  nothing.  From  experiment 
and  calculation  it  is  generally  admitted,  Uiat  the  atmosphere  at 
the  height  of  more  Uian  45  or  50  miles  above  the  earth's  sur* 
face  is  not  sufficiently  dense  to  refract  the  rays  of  light ;  and 
that,  in  popular  language,  is  usually  denominated  the  height  of 
the  atmosphere. 

C  By  comparing  the  state  of  the  atmosphere  at  the  bottom 
and  at  the  top  of  a  mountain,  should  you  perceive  a  sensible 
difference  ? 

F.  We  must  not  trust  to  our  feelings  on  such  occasions.  The 
barometer  will  be  a  sure  guide.  I  will  not  trouble  you  with 
calculations,  but  mention  two  or  three  facts,  with  the  con- 
clusions to  be  drawn  from  them.  In  ascending  the  Puy-de- 
D6me,  a  very  high  mountain  in  France,  the  quicksilver  fell  d|- 
inches ;  and  the  height  of  the  mountain  was  found,  by  measure* 

T  4 
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ment,  to  be  3204  feet.  Bj  a  similar  experiment  upon  Snowdon, 
in  Wales,  the  quicksilyer  was  foimd  to  naye  fallen  3^  inches  at 
the  height  of  3720  feet  abore  the  surface  of  the  earth. 

From  these  and  man j  other  observations,  we  maj  say  roughly 
that  in  ascending  any  lofty  eminence,  the  mercury  in  the  baro- 
meter will  fall  ^^  of  an  inch  for  every  100  feet  of  perpendicular 
ascent.  This  number  is  not  rigidly  exact ;  and  it  varies  with 
the  actual  height  of  the  barometer,  and  with  that  of  the  thermo- 
meter; but  for  common  purposes  it  will  serve  as  it  can  be 
easily  remembered.  The  three  following  observations  were 
taken  by  Dr.  Kettleton  near  the  town  of  Halifax : — 

Fttpendienlsr  Altttnde  Lowett  fltatUm  of         Hi^ieat  Station  of     nMb^m^ 

in  Feet.  the  Barometer.  th*  Barometer.    ^  "«wa>««- 

102  29-78  29-66  012 

236  29-50  29-32  027 

507  30-00  29-45  0*55 

JE.  What  is  the  accurate  rule  for  measuring  elevations  by 
the  barometer  ? 

F,  You  require  a  set  of  tables  showing  the  number  of  feet  of 
atmosphere,  that  counterpoise  an  inch  of  mercury  for  various 
temperatures,  and  when  the  barometer  is  at  30  inches.  For 
instance,  at  32^  temperature  an  inch  of  mercury  counterpoises 
a  column  of  atmosphere  of  868^  fb.  in  length ;  at  46°  a  column 
of  898-1  ft. ;  at  60^  a  column  of  927-7  ft. 

The  rule  is  :  as  the  mean  of  the  two  barometers  is  to  their 
difference,  so  is  30  inches,  nniltiplied  by  the  figure  in  the  table, 
opposite  to  the  mean  of  the  two  thermometers  to  the  height 
required. 

C,  If,  at  the  foot  of  a  mountun,  the  barometer  is  30  inches 
and  the  thermometer  60^ ;  and  on  the  top,  the  barometer  is 
28^  inches  and  the  thermometer  32^ ;  how  am  I  to  find  the 
height  of  the  mountain  ? 

F.  The  mean  of  the  barometer  is s =  29*75  in. 

•  ^   60+32 

The  mean  of  the  thermometer  is  — s — =46*^. 

The  difference  of  the  barometer  is  30 — 28-5  =  1-5  in. 
Opposite  to  46^  in  the  table  is  898*1  in.    Now  say, 

As  29*75  :  1-5::  30X898*1  :  1358  ft. 

JE,  Then  the  heiffht  of  such  a  mountain  is  1358  ft.  And  my 
rough  calculation  of  100  ft.  for  each  tenth  of  an  inch  of  mer- 
cury would  have  thrown  me  much  out  from  the  truth ;  for  I 
see  that  the  temperature  of  the  two  places  of  observation  must 
be  taken  into  account. 
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jT.  And  you  must  understand  that  the  barometric  observa- 
tions used  must  be  first  corrected. 

Let  me  now  ask  you,  are  you  aware  how  great  a  pressure 
you  are  continually  sustaining  ? 

JS,  No ;  it  never  occurred  to  me  to  speculate  upon  that.  I 
feel  no  burden  from  if,  therefore  it  cannot  be  very  great. 

F,  You  sustain  every  moment  a  weight  equal  to  many  tons, 
which,  if  it  were  not  balanced  by  the  elastic  force  of  the  air 
within  the  body,  would  crush  you  to  pieces. 

C  We  might  indeed  have  inferred  that  it  was  considerable, 
from  the  sensations  that  we  felt  when  the  air  was  taken  from 
under  our  hands.  But  how,  sir,  do  you  make  out  the  assertion  ? 

F,  When  the  barometer  stands  at  29*5  the  pressure  of  the  air 
upon  every  sauare  inch  is  more  than  equal  to  14  poundi — call 
it  14  pounds  for  the  Bake  of  even  numbers — and  the  surface  of 
a  middle-sized  man  is  14^  feet;  tell  me  now  the  weight  he 
sustains. 

C.  I  must  multiply  14  by  the  number  of  square  inches  in  14^ 
feet.  Now  there  are  144  inches  in  a  square  foot ;  consequently 
in  14^  feet  there  are  2088  square  inches ;  therefore  14  pounds 
multiplied  b^  2088  will  give  S^232,  the  number  of  pounds 
weight  pressmg  upon  such  a  person. 

i^  Tnat  is  equal  to  about  13  tons ;  now,  if  Emma  reckons 
herself  half  only  the  size  of  a  grown  person,  the  pressure  upon 
her  will  be  equal  to  6^  tons. 

JE,  What  must  the  pressure  upon  the  whole  earth  be  ? 

F,  This  you  may  calculate  at  your  leisure ;  I  wiU  furnish  you 
with  the  rule ; 

"Pind  the  diameter  of  the  earth*,  from  which  you  will  easily 
get  the  superficial  measure  in  square  inches,  and  this  you  must 
multiply  by  14,  and  you  may  get  the  answer  in  pounds  avoir* 
dupois. 

The  earth*s  surface  contains  about  200,000,000  square  miles, 
and  as  every  square  mile  contains  27,876,400  square  feet,  there 
must  be  5,575,280,000,000,000  square  feet  in  the  earth's  surface, 
which  number  multiplied  by  the  pressure  on  each  square  foot 
gives  the  whole  weignt  of  the  atmosphere. 

C.  This  is  truly  enormous  I 

F,  But  the  pressure  being  equal  in  all  possible  directions,  it 
has  no  efiect  in  disturbing  either  the  annual  or  diurnal  motion 
of  the  earth. 

C,  What  is  the  cause  of  the  constant  change  in  the  height  of 
the  barometer  ? 

•  See  Aitronomy,  GonTcnatioii  TU.  note,  p.  84. 
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F.  The  fundamental  came  b  ktai ;  indeed  fo  mndi  so,  that 
Professor  Kaemtz  compared  the  barometer  to  a  difierential  ther- 
mometer. 

C  I  remember  this  is  a  gbss  tube  bent  somewhat  like  the 
letter  U  standing  erect,  and  with  a  bulb  at  eadi  end  ;  and  ac- 
cording as  one  or  other  bulb  is  made  warmer  the  air  in  it  ex- 
fMmds,  and  the  liquid  drop  moYcs :  but  I  cannot  conoeiTe  the 
analoffT  between  it  and  the  barometer. 

F.  You  hare  seen  that,  when  heat  expands  air,  it  rises,  and  the 
denser  air  rushes  into  its  place ;  now  suf^XMC  the  barometer  in 
London  were  at  30  inches,  and  London  suddenly  became  Terj 
cold,  what  would  happen  ? 

C  The  air  woulcf  condense  and  occupy  less  space,  and  the 
warmer  air  from  the  neighbourhood  would  flow  in  to  fill  up  the 
blank* 

F,  Well ;  and  so  the  column  of  air  over  London  would  in* 
crease  in  quantity,  and  therefore  in  weight,  and  the  barometer 
would  rise.  But  when  jou  saj  warmer  air  would  flow  in,  this 
implies  that  it  is  warmer  at  that  moment  elsewhere  than  at 
London.  So  that  when  the  barometer  rises,  it  proves  a  difference 
of  temperature  between  two  places ;  although  the  second  place 
be  at  a  ^eat  distance. 

E.  A\  by,  papa,  the  barometer  differs  from  erery  other  instru- 
ment ;  for,  as  far  as  I  know,  they  tell  you  only  what  goes  on 
where  they  are. 

C  And  I  can  see  too  that  our  barometer  would  soon  tell  ns 
if  any  neighbouring  country  became  colder;  for  some  of  our  air 
would  flow  away,  we  should  have  less  oyer  us,  and  our  barometer 
would  fall. 

F,  Yes ;  and,  as  a  general  rule,  when  the  thermometer  goes 
up,  the  barometer  goes  down. 

F,  But  how  are  we  to  reconcile  this,  papa,  with  the  fact  that 
a  fall  in  the  barometer  is  a  general  sign  of  rain  ?  I  can  imagine 
it  to  be  a  sign  of  wind. 

F,  We  cannot,  dear  girl,  enter  into  this  complex  subject  now, 
but  I  can  tell  you  enough  to  giye  you  a  tolerably  clear  idea  of 
the  subject.  1  ou  remember  my  explanation  of  the  fact  of  your 
seeing  your  breath  in  cold  weather ;  now,  if  a  cold  mass  of  air 
is  just  full  of,  or,  as  it  is  termed,  saturated  with,  moisture,  it  will 
not  quite  cause  rain ;  so  also  if  a  hot  maiss  is  similarly  circum- 
stanced, it  will  hold  a  greater  quantity  in  proportion  of  moisture 
but  not  cause  rain ;  if,  however,  the  two  are  mixed,  the  resul- 
tant temperature  will  not  hold  in  solution  the  resultant  moisture, 
and  rain  falls. 
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E.  Then  this  is  why  it  almost  always  rains  when  a  cold  wind 
follows  warm  fine  weather  ? 

F,  Yes ;  and  when  the  wind^has  prevailed  for  a  time  all  the 
rain  falls,  and  the  weather  becomes  fine.  Did  you  ever  notice 
in  fine  summer  weather  that  the  morning  may  be  clear ;  durinff 
the  day  floating  clouds  appear,  and  toward  sunset  they  depart  r 

JE,  Oh,  yes,  papa ;  and  are  not  blown  away,  they  dissolve  away. 

F,  Yes,  this  is  actually  the  case :  for  the  heat  of  the  sun  causes 
the  moisture  of  the  earth  to  rise ;  but  when  it  reaches  the  cold 
upper  regions,  it  is  condensed  into  clouds ;  as  the  heat  decreases 
these  clouds  become  more  condensed  and  heavy,  and  they  des- 
cend. But  on  reaching  the  warmer  lower  regions,  which  are 
not  nearly  full  of  moisture,  they  dissolve  and  disappear. 

C  What  is  the  principle  of  the  aneroid  barometer  ?  I  have 
seen  you  read  it,  and  have  noticed  that  the  hand  points  almost 
as  correctly  as  the  mercury  does ;  and  yet  there  is  no  visible 
agency. 

F,  It  acts  however  by  the  weight  or  pressure  of  the  air,  as 
does  the  other ;  and  could  it  be  made  in  practice  as  perfect  as 
it  is  in  principle,  it  would  be  equally  truthful  for  every  case. 
It  consists  of  an  air-tight  box  4  or  5  inches  in  diameter  :  it  is 
partially  exhausted  of  air,  so  as  to  be  an  imperfect  vacuum,  and 
IS  then  hermetically  sealed.  Its  front  cover  is  a  thin  sheet  of 
corrugated  or  grooved  metal,  which  gives  way  under  the  pres- 
sure of  the  air ;  and  is  more  or  less  acted  on  according^  as  the 
pressure  varies.  These  changes  are  too  minute  to  be  visible  to 
the  eye ;  but,  by  a  system  of  levers,  this  minute  motion  acts  on 
a  short  arm  of  a  lever,  producing  more  motion  of  the  longer  arm, 
which  is  multiplied  by  connection  with  another  lever,  and  is 
finally  transferred  to  a  hand,  which  traverses  a  dial  graduated 
to  correspond  to  the  barometer-scale. 


CONVERSATION  XXL 
Of  the  Thermometer* 

F.  As  the  barometer  is  intended  to  measure  the  different  de- 
grees of  density  of  the  atmosphere,  so  the  thermometer  is  de- 
signed to  mark  the  changes  in  its  temperature,  with  regard  to 
heat  and  cold. 

E,  Is  there  any  difierence  between  the  thermometer  that  is 
attached  to  the  barometer  and  that  which  hangs  out  of  doors  P 

jP.  No  ;  but,  for  the  purposes  of  accurate  observation,  it  is 
usual  to  have  two  instruments,  one  attached  to,  or  near  the 
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barometer,  and  tbe  other  out  of  doors  to  whicli  nather  die  direct 
nor  reflected  rars  of  the  ran  should  erer  eome 

C  Does  not  this  thermometer  consist  of  meicurj  incloeed  in 
a  glaas  tube  which  it  fixed  to  a  graduated  frame  ? 

F.  That  b  the  onatmction  of  Fahrenheit's  thermometer :  bat 
when  these  instrnments  were  first  iuTented,  about  200  jean 
a<ro,  air,  water,  sprits  of  wine,  and  then  oil,  were  made  use  of; 
but  these  hare  fn^en  way  to  quicksilrer,  which  is  considered  as 
the  best  of  all  &e  fluids,  being  highlr  rasceptible  of  expanaiaa 
and  contraction,  and  capable  of  exhibiting  a  more  extensire 
scale  of  heat  Fahrenhetfs  thermometer  is  cUeflj  used  in  Great 
Britain,  and  Reaumur's  and  the  Centigrade  thermometer  on  the 
Continent. 

E,  Is  not  this  the  principle  of  the  thermometer,  that  the 
quicksilrer  expands  bj  heat  and  contracts  bj  cold  ? 

F.  It  is :  place  rour  thumb  on  the  bulb  of  die  thermometer. 
K.  The  anicksihrer  gradually  rises. 

F,  And  It  will  continue  to  rise  till  the  mercury  and  your 
thumb  are  of  equal  heat.  Kow  you  have  taken  away  TOur  hand, 
you  perceiTe  the  mercury  is  falmig  nearly  as  fast  as  it  rose. 

C.  Will  it  come  down  to  the  point  at  which  it  stood  before 
Emma  touched  it  ? 

F,  It  will,  unless,  in  this  short  space  of  time,  there  has  been 
any  change  in  the  surrounding  air.  Thus  the  thermometer  in- 
dicates the  temperature  of  the  air,  or,  in  fact,  of  any  body  with 
which  it  is  in  contact.  Just  now  it  was  in  contact  with  your 
thumb,  and  it  rose  in  the  space  of  a  minute  or  two  fh)m  56^  to 
62^ ;  had  you  held  it  longer  on  it  the  mercury  would  have  risen 
still  higher.  It  is  now  falling.  Plunge  it  into  boiling  water*, 
and  you  will  find  that  the  mercury  rises  to  212^.  Afterwards 
you  may,  when  it  is  cool,  place  it  in  ice,  in  its  melting  state,  and 
It  will  fall  to  32*^. 

E.  Why  are  these  particular  numbers  pitched  on  ? 

F.  You  will  not  perhi^  be  satisfied  if  I  tell  you,  that  the 
only  reason  why  212  was  fixed  on  to  mark  the  heat  of  boiling 
water,  and  32  that  to  show  the  freezing  point,  was,  because  it  so 
pleased  M.  Fahrenheit :  this,  howerer,  was  the  case. 

C,  Will  you  explain  the  copstruction  of  the  thermometer  P 
JP.  A  B  represents  a  glass  tube,  \h^  end  a  is  blown  into  a  bulb, 
and  this,  with  a  part  of  the  tube,  is  filled  with  mercury.  In 
good  thermometers  the  upper  part  of  the  tube  approaches  to  a 
perfect  yacuum,  and  of  course  the  end  b  is  hermetically  sealed. 
If  the  tube  be  now  placed  in  pounded  ice,  the  mercury  will  sink 

•  Thlf  ihouM  be  don«  vwy  gmdnallr,  by  holdiag  it  mmm  ttme  in  thi  iliam,  to  picnot 
ito  iMrtaklng  bjr  the  roddm  Mat. 
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to  a  certain  point,  x,  wbich  must  be  marked  on  the 
tube,  and  on  the  scale  opposite  to  this  point  32  must 
be  placed,  which  is  called  the  freezing  point.  Then 
let  It  be  immersed  in  boiling  water,  the  mercury  will 
rise,  and  after  a  few  minutes  become  stationary. 
Against  that  point  make  another  mark,  and  write  on 
the  scale  212  for  the  heat  of  boiling  water.  Between 
these  points  the  scale  is  divided  into  180  parts. 

JE.Whj  180  parts? 

F,  Because  you  begin  from  32,  and  if  you  subtract 
that  number  ti'om  212,  the  remainder  will  be  180. 
Also,  below  32,  and  above  212,  are  set  off  more  divi- 
sions on  the  scale,  equal  to  the  others.  The  words 
temperate  heat,  eummer  heat,  blood  heat,  fever  heat, 
spirits  boil,  are  often  placed  on  the  scale,  opposite  pig.ss. 
certain  degrees.  In  common  thermometers,  these  parts 
are  equal ;  but  in  good  thermometers,  it  does  not  follow  that  they 
are  equal :  for  such  thermometers  are  graduated  by  exposing 
them  with  the  utmost  nicety  to  other  temperatures  between  32^ 
and  212^ ;  and  placing  the  graduation  opposite  the  place  to  which 
the  mercury  rises.  No  reliance  is  to  be  placed  on  thermometers 
not  thus  graduated.  The  best  thermometers  are  of  small  bore, 
and  are  graduated  on  the  glass  itself,  those  whose  scales  are  on 
Ivory  are  not  trustworthy ;  and  those  on  box-wood  are  con- 
tinually varying,  and  are  most  difficAilt  of  correction. 

JS.  This  explains  to  me  why  the  two  50's  do  not  fall  opposite 
to  each  other  on  your  pair  of  thermometers ;  and  the  two  60*8 
are  nearer  on  a  level,  but  still  not  quite  so. 

F.  These  differences  arise  from  the  irregularity  in  the  tube, 
which  cannot  be  obviated ;  and  is  thus  neutralised  in  all  stan« 
dard  instruments. 

F.  You  said  the  scale  was  to  be  divided  higher  than  boiling 
water,  but  without  mentioning  the  extent. 

F,  The  utmost  extent  of  the  mercurial  thermometer,  both 
ways,  are  the  points  at  which  quicksilver  boils  and  freezes; 
beyond  these  it  can  be  no  guide :  now  the  degree  of  heat  at 
which  mercury  boils  is  600,  and  it  freezes  when  it  is  brought 
down  as  low  as  39**  or  40**  below  0  ;  consequently  the  whole 
extent  of  the  mercurial  thermometer  is  about  640  degrees,  agree- 
ably to  this  division.* 

U,  Is  the  cold  ever  so  intense  as  to  cause  the  mercury  to 
sink  40^  below  the  freezing  point. 

F.  Not  in  this  country,  but  it  is  in  some  parts  of  Lapland  and 


•  Tht  French  diride  the  fpftoelbetwcen  the  flreesing  and  boilfaig  points  of  merenry  into 
100  equal  diyitionf  i  and  oall  the  iMtnunent  thua  eonatmcted  tho  0€iUiffrade  thermometer. 
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Siberia ;  and  even  here  artificial  cold  may  be  produced  equal 
to  this ;  as,  for  instance,  hj  sdiid  carbonic  acid.  It  is  usual  to 
have  thermometers  for  theur  particular  uses ;  as  for  instance,  an 
instrument  for  meteorological  observations  need  not  be  gra- 
duated beyond  or  indeed  so  high  as  boiling  water ;  nor  need  it,  for 
temperate  latitudes  go  below  0^. 

The  miidmum  thermometer  is  supplied  with  spirit  instead  of 
mercury,  and  shows  the  lowest  temperature  to  which  it  may 
have  been  exposed  since  the  last  observation.  A  small  glass 
thread  is  within  the  spirit,  and,  by  inverting  the  instrument,  its 
end  is  made  to  coincide  with  the  level  of  the  spirit ;  as  the 
spirit  falls,  it  falls  with  it ;  but  when  it  begins  to  rise,  the  glass 
index  remains  behind,  and  shows  the  lowest  temperature. 

The  maximum  thermometer  is  supplied  with  mercury,  and 
carries  a  steel  index  ;  as  the  mercury  rises,  it  carries  the  index 
with  it ;  but  when  it  falls,  it  leaves  the  index  behind,  which 
shows  the  greatest  height  the  mercurv  has  attained.  The  steel 
index  is  brought  back  by  means  of  a  little  magnet. 

The  index  of  this  maximum  thermometer  is  apt  to  get  en- 
tangled in  the  mercurpr,  and  the  column  will  bresuc  and  cause 
inconvenience ;  on  which  account  the  jurors  of  the  Great  Exhi- 
bition, especially  Mr.  Glaisher,  suggested  an  improvement,  which 
has  been  successfully  effected  by  Messrs.  Kegretti  and  Zambra. 
They  have  inserted  a  small  piece  of  glass  near  the  bulb  and 
within  the  tube,  which  it  nearly  fills.  As  the  temperature  in- 
creases, the  mercurv  passes  this  piece  of  glass  ,*  but,  when  the 
temperature  falls,  the  glass  acts  as  a  valve  or  plug,  and  fills  the 
bend,  and  so  prevents  the  return  of  the  mercury. 

The  differential  thermometer  consists  of  a  norizontal  tube, 
bent  upwards  at  each  end,  and  terminating  in  glass  bulbs.  With 
the  exception  of  a  small  drop  of  liquid,  the  apparatus  is  filled 
with  air ;  and  is  so  constructed,  that  when  the  drop  of  the  liquid 
is  at  the  centre  or  zero  point  of  the  horizontal  tube,  the  air  in 
the  bulbs  has  the  same  pressure ;  but  according  as  one  or  other 
bulb  is  exposed  to  a  higher  or  lower  temperature,  the  drop  of 
liquid  moves  this  way  or  that,  and  so  indicates  the  difference  of 
temperature.  This  instrument  is,  as  you  see,  an  air  thermo- 
meter. 


CONVERSATION  XXH. 
Of  the  Thermometer, 

C.  Is  quicksilver,  when  frozen,  a  solid  metal,  like  iron  and 
other  metals  ? 
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F,  It  is  thus  far  similar  to  them,  that  it  is  malleable,  or  will 
bear  hammering.  And  when  quicksilver  boils,  it  goes  off  in 
Tapour  like  boiling  water,  only  much  slower.  Hence  it  has 
been  inferred,  that  all  bodies  in  nature  are  capable  of  existing 
either  in  Asolid,/iuidj  or  aeriform  state,  according  to  the  degree 
of  heat  to  which  they  are  exposed. 

E,  I  understand  that  water  may  be  either  solid,  as  ice,  or  in 
its  fluid  natural  state,  or  in  a  state  of  vapour  or  steam. 

F.  I  do  not  wonder  that  you  call  the  fluid  state  of  water  its 
natural  state,  because  we  are  accustomed,  in  general,  to  see  it 
80 ;  and  when  it  is  frozen  to  ice,  there  appears  to  us,  in  this 
country,  a  violence  committed  upon  nature.  But  if  a  person 
from  the  West  or  East  Indies,  who  had  never  seen  the  effects  of 
frost,  were  to  arrive  in  Great  Britain  during  a  severe  and  long- 
continued  one,  such  as  formerly  congealed  the  surface  of  the 
Thames,  unless  he  were  told  to  the  contrary,  he  would  conclude 
that  ice  was  some  mineral,  and  naturally  solid. 

E,  Does  it  never  freeze  in  the  East  or  West  Indies  ? 

F,  It  seldom  freezes,  unless  in  very  elevated  situations,  within 
S5  degrees  of  the  equator  north  and  south ;  it  scarcely  ever  hails 
in  latitudes  higher  than  60°.  In  our  own  climate,  and  indeed 
in  all  others  between  35°  and  60°,  it  rarely  freezes  till  the  sun's 
meridian  altitude  is  less  than  40  degrees.  The  coldest  part  of 
the  24  hours  is  generally  about  an  hour  before  sunrise,  and  the 
warmest  part  of  the  day  is  usually  between  two  and  four  o'clock 
in  the  afternoon. 

C.  Are  there  no  degrees  of  heat  higher  than  that  of  boiling 
mercury? 

F,  Yes,  a  great  many :  brass  will  not  melt  till  it  is  heated 
more  than  six  times  hotter  than  boiling  mercury ;  and  to  melt 
cast-iron  requires  a  heat  more  than  six  times  greater  than  this. 

F,  By  what  kind  of  thermometer  are  these  degrees  of  heat 
measured  ? 

F,  The  ingenious  Mr.  Wedgewood  invented  a  thermometer 
for  measuring  the  degrees  of  heat  up  to  32,277°  of  Fahrenheit's 
scale. 

C  Can  you  explain  the  structure  of  this  thermometer  ? 
•  F.  All  argillaceous  bodies,  or  bodies  made  of  clay,  are  dimi- 
nished in  bulk  by  the  application  of  great  heat.  The  diminution 
commences  in  a  dull  red  heatv,  and  proceeds  regularly  as  the 
heat  increases,  till  the  clay  is  vitrified,  or  transformed  into  a 
glassy  substance.  This  is  the  principle  of  Mr.  Wedgewood's 
uiermometer. 

F.  Is  vitrification  the  limit  of  this  thermometer  ? 

F.  Certainly.    The  construction  and  application  of  this  in- 
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8trument  are  extremely  simple,  and  it  marks  all  the  different 
degrees  of  ignition,  from  the  red  heat,  visible  only  in  the  dark, 
to  the  heat  of  an  air-furnace.  It  consists  of  two  rulers  fixed  on 
a  plane,  a  little  farther  asunder  at  one  end  than  at  the  other, 
leaving  a  space  between  them.  Small  pieces  of  alum  and  clay, 
mixed  together,  are  made  just  large  enough  to  enter  at  the  wide 
end ;  they  are  then  heated  in  the  fire  with  the  body  whose  heat 
is  to  be  ascertained.  The  fire,  according  to  its  heat,  contracts 
the  earthy  body,  so  that,  being  applied  to  the  wide  end  of  the 
gauge,  it  will  slide  on  towards  the  narrow  end,  less  or  more, 
according  to  the  degree  of  heat  to  which  it  has  been  exposed.* 

Each  degree  of  Mr.  Wedgewood's  thermometer  answers  to 
130  degrees  of  Fahrenheit,  and  he  begins  his  scale  from'red  heat 
fully  vbible  in  daylight,  which  he  finds  to  be  equal  to  1077^  of 
Fahrenheit's  scale,  if  it  could  be  carried  so  high. 

Here  is  a  small  scale  of  heat,  as  it  is  applicable  to  a  few 
bodies : 

«CALE    OF    HEAT. 

Extremity  of  Wedgewood's  scale  -            -            -  32277° 

Cast-iron  melts     -            -            -            -    at     -  2786 

Fine  g:old  melts    -            -            -            -            -  2016 

Fine  silver  melts  -----  1873 

Brass  melts           -----  1869 

lied  heat  visible  by  day    -            -             -            -  980 

Mercury  boils       -            -             -             -     at     -  671 

Lead  melts  f         -            -            -            -            -  612 

Bismuth  melts  f    ,.----  476 

Tin  melts  t            -             -            -             -             -  442 

Milk  boils 213 

Water  boils  -  -  •  -  -  212 
Heat  of  the  human  body  -  •  -  -  -  92  to  97 
Water  freezes  -  -  -  -  -  '  32 
Milk  freezes  -----  30 
A  mixture  of  snow  and  salt  sinks  the  thermo- 
meter to  -  -  -  -  -  0 
Mercury  freezes  -----  — 40 

C  You  said  that  Reaumur's  thermometer  was  chiefly  used 
abroad ;  what  is  the  difference  between  that  and  Fahrenneit*s  ? 

•  We  hATe  in  the  tamut  parts  of  this  work  obaerred  that  all  bodlM  are  expanded  by 
heat  The  diminntion  of  Uie  aisilUoeoiu  subttancea  made  nse  of  by  Mr.  Wedgewood 
appear$  to  be  an  exception  :  but  as  the  contraction  of  these  does  not  commence  ull  they 
are  exposed  to  a  red  neat,  it  may  probably  be  accounted  for  from  the  e^pulsioa  of  tlM 
fluid  particles,  rather  than  from  any  real  oontraetion  of  the  solids. 

t  If  these  three  metals  be  mixed  together  by  ftision  in  the  proportion  of  5, 8,  and  8.  tha 
mixture  will  meU  in  a  heat  below  that  of  boiling  water.  ^^        ^ 


THE  THERMOMETER.  289 

•  F,  Reaumur  places  the  freezing  point  at  0,  or  zero,  and  each 
desree  of  his  tiiermometer  is  equal  to  2^,  or  f  degrees  of 
Fanrenheit*s. 

E»  What  does  he  make  the  heat  of  boiling  water  ? 
^  F.  Having  fixed  his  freezing  point  at  0,  and  made  one  of 
his  degrees  equal  to  2^  of  F«uirenheit*s,  the  heat  of  boiling 
water  must  be  80°. 

C,  Let  me  see.  The  number  of  degrees  between  the  freezing 
and  boiling  points  on  Fahrenheit's  thermometer  is  180,  which, 
divided  by  2^,  or  2*25,  gives  80  exactly. 

F,  You  have  then  a  rule  by  which  you  may  always  convert 
the  degrees  of  Fahrenheit  into  those  of  Reaumur  :  —  "  Subtract 
32  from  the  given  number,  and  multiply  by  the  fraction  ^." 
Tell  me,  Enmia,  what  degree  on  Reaumur's  scale  answers  to 
167°  of  Fahrenheit. 

E.  Taking  32  from  167  there  remains  135,  which,  multiplied 
by  4,  gives  540,  and  this,  divided  by  9,  gives  60.  So  that  60° 
of  Reaumur  answers  to  167°  of  Fahrenheit. 

C.  How  shall  I  reverse  the  operation,  and  find  a  number  on 
Fahrenheit's  scale  that  answers  to  a  given  one  on  Reaumur's  ? 

jP.  "  Multiply  the  given  number  by  the  improper  fraction  ^ 
and  add  32  to  the  product."  Tell  me  what  number  on  Fahren- 
heit's scale  answers  to  40  on  Reaumur's. 

C  K I  multiply  40  by  9,  and  divide  the  product  by  4, 1  get 
%0 ;  to  which,  if  32  be  added,  the  result  is  122.  This  answers 
to  40  on  Reaumur's  scale. 

F,  What  numbers  on  Reaumur's  scale  will  answer  to  76°, 
98°,  and  112°  of  Fahrenheit;  that  is,  to  summer  heat,  blood 
heat,  and  fever  heat  ? 

E,  The  numbers  are  19^,  29^,  and  35^  nearly ;  for 

(76—32)  X  ^  =  ^=  19-5. 

264 
(98—32)  X  i=-^= 29-33,  &o. 

320 
(112—32)  X  ^=-^  =  85-55,  &c. 

Similar  rules  may  be  employed  with  regard  to  the  Centi- 
grade thermometer ;  only  that  the  multipliers  must  be  f  and  | 
instead  of  f  and  |. 

C  Are  there  any  other  thermometers  ? 

F.  Yes ;  several.  A  very  ingenious  one  invented  by  M. 
Breguet.  A  thin  riband  of  platinum  is  soldered  to  one  of  gold, 
and  the  compound  riband  is  made  into  a  helix.    Now,  as  these 
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two  metab  expand  difierentl^  for  tbe  same  increments  of  tem- 
perature, the  Delix  either  twista  or  untwists,  and  carries  with  it 
an  index.  The  most  delicate  of  all  nieaaures  of  heat  is  the 
thermo-electric  pile;  but  as  jod  cannot  understand  this  nntil 
we  have  some  conversation  on  electricity,  I  must  be  content 
with  telling  7011,  that  direct!;  ;on  enter  a  room  it  will  announce 
an  increase  of  temperature,  and  it  has  been  known  to  indicate 
the  temperature  of  insects. 


coinrEESATioN  xxra. 

Of  the  Pj/rmneUr  and  Hygrometer, 
F.  To  make  our  description  of  philosophical  inatniinents 
more  perfect,  I  shall  to-dav  show  jou  the  constmctjon  and 
nses  of  the  pyrometer  aod  hjrgrometer,  and  conclude,  to- 
morrow,  with  an  account  of  the  rain-gauge,  and  some  directions 
forjudging  of  the  weather. 

£.  What  do  you  mean  by  a  pyrometer  ? 
F.  It  is  a  Greek  word,  and  signifies  a  fire-measnrer.     The 
pyrometer  is  a  machine  for  measuring  the  expansion  of  solid 
substances,  particularly  metals,  by  heat.    This  mstrument  will 
render  the  smallest  expansion  sensible  to  the  naked  eye. 
C.  Is  all  this  apparatus  necessary  for  the  purpose  r 
F.  This,  as  far  as  I  know,  is  one  of  the  most  simple  pyro- 
meters, and  admitting  of  an  eas^  explanation ;  I  have  chosen  it 
in  preference  to  a  more  complicated  instrument,  which  might 
be  susceptible  of  greater  nicety. 

To  a  flat  piece  of  mahogany,  a  a,  are  fixed  three  studs,  b  c 
and  D,  and  at  b  th^e  is  an  adjusting  screw  f.     b  r  is  an  index, 


taming  very  easily  on  the  pivot  r,  and  is  is  another,  turning 
on  i^  and  pointing  to  the  scale  M  n.    x  is  a  part  of  a  watch- 
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spring  fixed  at  t,  and  pressing  gently  upon  tlie  index  ls. 
Here  is  a  bar  of  iron,  at  the  common  temperature  of  the  sur« 
rounding  air:  I  lay  it  in  the  studs  c  and  d,  and  adjust  the 
screw  p,  so  that  the  index  l  s  may  point  to  0  on  the  scale. 

C.  The  bar  cannot  expand  witnout  moving  the  index  f  h,  the 
crooked  part  of  which  pressing  upon  i<  s,  that  also  will  be  moved, 
if  the  bar  lengthens. 

F,  Try  the  experiment ;  friction,  you  know,  produces  heat ; 
take  the  bar  out  of  the  nuts,  rub  it  briskly,  and  then  replace  it. 

C  The  index  l  s  has  moved  to  that  part  of  the  scale  which 
is  marked  2.  It  is  now  going  back.  How  do  you  calculate  the 
length  of  the  expansion  ? 

F.  The  bar  presses  against  the  index  f  h  at  f,  and  that  again 
presses  against  l  s  at  r,  and  hence  they  both  act  as  levers. 

C  And  they  are  levers  of  the  third  kind ;  for  in  one  case  the 
fulcrum  is  at  x^  the  power  at  f,  and  the  point  z  to  be  moved  may 
be  considered  as  the  weight ;  in  the  other,  i.  is  the  fulcrum,  the 
power  is  applied  at  z,  and  the  point  s  is  to  be  moved.* 

jP.  The  distance  between  the  moving  point  f  and  h  is  20  times 
greater  than  that  between  x  and  f  ;  the  same  proportion  holds 
between  l  s  and  i^z;  from  this  you  will  get  the  spaces  passed 
through  by  the  different  points. 

E.  Then  as  much  as  the  iron  bar  expands,  so  much  will  it 
move  the  point  f,  and  of  course  the  point  z  will  move  twenty 
times  as  much ;  so  that  if  the  bar  lengthened  ^th  of  an  inch, 
the  point  z  would  move  ^^ths,  or  2  inches.  By  the  same  rule, 
the  point  s  will  move  through  a  space  20  times  as  great  as  the 
point  z. 

F,  There  are  two  levers,  then,  each  of  which  gains  power,  or 
moves  over  space,  in  the  proportion  of  20  to  1 ;  consequently, 
when  united,  as  in  the  present  case,  into  a  compound  lever,  we 
multiply  20  into  20,  which  makes  400 ;  and  therefore  if  the  bar 
lengthen  ^th  of  an  inch,  the  point  s  must  move  over  400  times 
the  space,  or  40  inches.  But  suppose  it  only  expands  ^^th 
part  of  an  inch,  how  much  will  8  move  ? 

C  One  inch. 

F,  But  every  inch  may  be  divided  into  tenths,  and  conse- 
quently, if  the  bar  lengthen  only  the  ;f7J^th part  of  an  inch,  the 
point  s  will  move  through  the  tenth  part  of  an  inch,  which  is 
very  perceptible.  In  the  present  case  the  point  s  has  moved 
two  inches ;  therefore  the  expansion  is  equal  to  ^^ths,  or  ^^th 
part  of  an  inch.  An  iron  bar,  three  feet  long,  is  about  y^th  part 
of  an  inch  longer  in  suouner  than  in  winterT 

«  For  an  aooonni  of  th»  dUEHneni  leren,  Me  Meohanlot,  ConyerMtiom  XY.  and  ZYL   V 
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C.  I  see  that,  by  increasing  the  number  of  levers,  you  might 
[cBTTv  the  experiment  to  a  much  greater  degree  of  nicety. 

P^.  There  are  other  pyrometers  besides  this — DanielFs  is 
the  best.  It  consists  of  a  bar  of  platinum,  or  of  wrought  iron, 
placed  in  a  black-lead  tube.  When  this  is  placed  in  a  furnace 
the  metal  expands,  and  pushes  forward  a  little  piece  of  por- 
celiun,  which  is  so  adiust^  as  to  remain  wherever  it  is  pushed 
to ;  and,  therefore,  when  the  instrument  b  taken  from  the  fire 
it  may  be  examined,  and  the  degree  of  expansion  observeil. 

"Well,  let  us  now  proceed  to  the  hygrometer,  which  is  an  in- 
strument contrived  for  measuring  the  different  degrees  of 
moisture  in  the  atmosphere. 

£,  1  have  a  weather-house  that  I  boudht  at  a  fair,  which  tells 
me  this ;  for  if  the  air  is  very  moist,  and  thereby  denotes  wet 
weather,  the  man  comes  out ;  and  in  fair  weather,  when  the 
atmosphere  is  dry,  the  woman  makes  her  appearance. 
C.  How  is  the  weather-house  constructed  f 
F,  The  two  images  are  placed  on  a  kind  of  lever,  which  is 
sustained  by  catgut ;  and  catgut  is  very  sensible  to  moisture, 
twisting  and  shortening   by  moisture,   and    untwisting    and 
lengthening  as  it  becomes  dry.     On  the  same  principle  is  con- 
structed another  hygrometer,     ab  is  a  catgut 
^  string,  suspended  at  a  with  a  little  weight  b, 

All  that  carries  an  index  c  round  a  circular  scale  b  b 

on  a  horizontal  board  or  table ;  for,  as  the  catgut 
becomes  moist,  it  twists  itself,  and  untwists  when 
it  approaches  to  a  drier  state. 

E.  Then  the  degrees  of  moisture  are  shown  by 

the  index,  which  moves  backwards  and  forwards 

by  the  twisting  and  untwisting  of  the  catgut. 

Does  all  string  twist  with  moisture  ? 

lig.  85,  ^'  Yes,    Take  a  piece  of  common  packthread, 

and  on  it  suspend  a  pound  weight  in  a  vessel  of 

water,  aud  you  will  see  how  soon  the  two  strings  are  twisted 

round  one  another. 

C  I  recollect  that  the  last  time  the  lines  for  drying  the  linen 
were  hung  out  in  the  garden,  they  appeared  to  be  much  looser 
in  the  evening  than  they  were  next  mominff,  so  that  I  thought 
some  person  had  been  altering  them.  A  sudden  shower  of  rain 
hasproduced  the  same  effect  m  a  striking  manner. 

^,  Sometimes,  when  sodden  damp  weather  has  set  in,  the 

string  of  the  harp  has  snapped  when  no  person  has  been  near  it. 

F.  These  are  the  effects  produced  by  the  naoisture  of  the 

ur ;  the  damp  of  night  always  shortens  hair  and  hempen  lines ; 

and,  owing  to  the  changes  to  which  the  atmosphere  in  our 
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climate  is  liable,  the  harp,  violin,  &c.,  that  are  set  to  tune  one 
day,  will  ^eed  some  alteration  before  they  can  be  used  the  next. 

Here  is  a  sensible  and  very  simple  by-  ^^ 
grometer  :  it  consists  of  a  piece  of  whip- 
cord or  catgut,  fastened  at  a,  and  stretched 
over  several  pulleys,  b,  c,  b,  e,  f  :  at  the 
end  is  a  little  weight  w,  to  which  is  an 
index  pointing  to  a  graduated  scale. 

C  Then,  according  to  the  d^ree  of 
moisture  in  the  air,  the  string  shortens  or 
len^hens,  and  of  course  the  index  points 
higher  or  lower.  Fig.  88. 

F.  Another  kind  of  hygrometer  consists  ^.rxrrr^ 

of  a  piece  of  sponge  b,  prepared  and  nicely        b^^^  j^^i 
balanced  on  the  beam  x  y;  and  the  fulcrum 
2;  lengthened  out  into  an  index  pointing  to 
a  scale  a  b. 


i« 


E,  Does  the  sponge  imbibe  moisture    Mjk^  ig 
sufficiently  to  become  a  good  hygrometer  ?    ^^ 

F,  Sponge  of  itself  wul  anffwer  the  pur-  ^**^*  ^* 
pose;    but  it  is  made  much  more  sensible  in  the  following 
manner : 

After  the  sponge  is  well  washed  from  all  impurities  and  dried 
again,  it  should  be  dipped  into  water  or  vinegar,  in  which  sal 
ammoniac,  salt  of  tartar,  or  almost  any  other  saline  substance, 
has  been  dissolved,  and  then  suffered  to  dry,  when  it  should  be 
accurately  balanced. 

C  Do  the  saline  particles^  in  damp  weather,  imbibe  the 
moisture  and  cause  the  sponge  to  preponderate  ? 

F,  They  do.  Instead  of  sponge,  a  scale  may  be  hung  at  b,  in 
which  must  be  put  some  kind  of  salt  that  has  an  attraction  to 
the  watery  particles  that  float  in  the  air.  Sulphuric  acid  may 
be  substituted  in  the  place  of  Salt ;  but  this  is  not  fit  for  your 
experiments,  because  a  little  spilt  over  will  destroy  your 
clothes ;  otherwise,  it  makes  a  very  sensible  hygrometer.  Chlo- 
ride of  lime  will  do. 

F,  I  have  heard  the  cook  complain  of  tiie  damp  weather 
when  the  salt  becomes  wet  by  it. 

F.  Right ;  the  salt-box  in  the  kitchen  is  not  a  bad  hygro- 
meter ;  and  various  others  you  may  easily  construct,  as  your 
knowledge  of  natural  substances  becomes  extended. 

F,  But,  papa,  I  have  frequently  seen  you  consult  a  kind  of 
double  thermometer,  and  heard  you  make  remarks  about  the 
moisture  of  the  day. 

F.  You  are  right ;  this  is  Maison^s  hygrometer ;  it  is  sonoe- 

u  3 
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times  called  a  psjdironeter,  from  a  Gredc  wofd  mgoltjmgeold, 
I  will  show  it  jou.  Tou  obaerre  it  consists  of  two  delicate 
thermometers ;  one  of  them  is  oorered  with  book  muslin,  from 
which  a  few  silk  threads  dip  into  a  ressel  of  water,  so  that  the 
moslin  b  alwajs  wet.  The  wet  thermometer  is  lower  than  the 
drj :  can  jou  tell  me  wh j,  Charles  ? 

C.  Because  the  moistore  fixMn  the  muslin  eraporates  into  the 
air ;  and  eyaporation  alwajs  produces  cold. 

F.  Tou  are  right :  and  you  can  also  see  that  the  drier  the 
weather,  the  greater  will  be  the  eraporation,  and  the  colder  will 
the  bulb  become.  So  that  the  neater  the  difference  of  tempe^ 
rature  between  the  two  bulbs,  Uie  drier  is  the  air.  Tables  are 
constructed,  so  that  on  looking  for  the  two  temperatures  we  find 
set  against  them  the  percentage  of  moisture  of  the  air. 

C.  I  hare  heard  you  speak  of  Daniell^s  hydrometer. 

F.  It  is  a  glass  tube  like  an  inrerted  f\  with  a  bulb  at  each 
end :  one  bulb  contains  ether,  and  in  it  is  a  small  and  rery  deli« 
cate  thermometer ;  the  other  bulb  is  coyered  with  muslin.  All 
the  air  is  extracted  from  the  tube,  so  that  it  only  contains  the 
vapour  of  eUier.  The  muslin  is  to  be  wetted  with  ether ;  the 
drier  the  air  is,  the  faster  this  eyaporates :  the  cold  produced  con- 
denses  the  vapour  of  ether  withm  the  tube,  fresh  vapour  rises 
fit>m  the  ether  in  the  other  bulb,  and  it  becomes  colder.  Pre- 
sently it  becomes  so  cold  that  the  moisture  of  the  air  is  deposited 
on  the  bulb.  The  operation  is  now  completed,  and  the  tempe- 
rature of  the  little  thermometer  is  noted.  This  is  called  the 
dew-point. 

^  I  see  that  the  dry  thermometer  is  now  standing  at  60% 
and  the  wet  at  54^ ;  what  am  I  to  understand  by  this  f 

F.  I  will  open  Mr.  61aisher*s  valuable  Hygrometric  Tables, 
and  see  the  figures  that  stand  facing  these  temperatures ;  and 
explain  their  meaning. 

1.  Temperature  of  the  dew  point,  49^*8  ;  frt>m  which  you  are 
to  UQderstand,  that  if  the  temperature,  as  shown  by  the  dry 
bulb,  were  reduced  to  49^*8,  the  moisture  in  the  air  would  l]« 
condensed,  and  it  would  rain.  So  as  there  are  10^*2  for  the 
temperature  to  fall,  and  it  is  now  getting  warmer,  we  are 
tolerably  sure  it  will  not  rain  to-day.  Daniell*s  hygrometei' 
shows  the  dew-point  at  once ;  but  it  is  not  convenient  at  all 
times  and  in  all  places  to  have  ether  at  hand ;  whereas  rain- 
water for  the  wet-bulb  thermometer  is  at  hand  in  all  parts  of 
the  world.  When  tiie  two  thermometers  are  together,  no 
evaporation  is  occurring,  the  air  being  saturated  with  moisture, 
and  it  rains. 
.2.  ElatHc  force  ofvftpour  in  inches  of  mercury,'  0*371  in. ; 
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t?hich  means  that  the  total  pressure  of  the  aqueous  vapours, 
now  diffused  in  the  air,  is  equal  to  a  column  of  mercury  of  the 
above  height ;  so  that  whatever  may  be  the  height  of  the  baro« 
meter,  the  above  portion  is  due  to  aqueous  vapour. 

3.  Weight  of  vapour  in  a  cidnc  foot  of  air ,  417  grains.  A 
thousand  cubic  inches  of  dry  air,  when  &e  thermometer  is  at 
60°,  and  the  barometer  at  30  in.,  weigh  308  grains.  A  cubic 
foot  of  dry  air  at  the  standard  temperature  of  32°,  and  with  the 
barometer  at  30  in.  weighs  563*2154  grains.  The  actual  weight 
of  the  aqueous  vapours  diffused  in  a  cubic-foot  of  air,  id 
now  4*17  grains. 

4.  Weight  of  vapour  required  for  saturation  of  a  cubic-foot  of 
air,  1*70  grains  ;  which  means  that  the  air,  under  present  cir- 
cumstances, holding,  as  it  does,  4*17  grains  per  cubic  foot,  is 
able  to  dissolve  only  1*70  grains  more ;  if  therefore  it  is  ex- 
posed to  a  greater  degree  of  humidity,  dew  will  be  deposited  or 
rain  will  faU. 

C.  Then  there  are  two  causes  that  may  produce  rain ;  if  the 
air  becomes  sufficiently  cold,  the  moisture  will  no  longer  be 
retained ;  or  if  more  moisture  be  presented  to  the  air  than  it 
can  contain,  it  will  be  deposited  in  dew  or  rain ;  if  both  these 
changes  occur  simultaneously,  the  rain  will  be  greater  and  more 
abundant. 

.  5.  Degree  of  saturation  (complete  saturation,  IKX)),  '710; 
which  means  that  if  1  represents  the  state  of  the  air  when  quite 
saturated  with  moisture,  '71  represents  its  present  state ;  which 
is  therefore  71  per  cent.,  about  seven- tenths  saturated,  leaving 
therefore  a  capacity  for  three-tenths  more. 

6.  Weight,  in  grains,  of  a  cubic  foot  cf  air. 

Barometer  28  0  inches,  494*4  grains, 

„  28*5  „  503-2  „ 

„  290  „  5120  „ 

„  29*5  „  520*8  „ 

„  30*0  „  529-6  „ 

„  30*5  „  538-4  „ 

31*0  „  547*2  „, 

This  column  expresses  the  actual  weight  of  a  cubic  foot  of 
air  under  the  present  circumstances  of  containing  71  per  cent, 
of  moisture.  So  that,  if  the  barometer  shall  now  be  standing 
at  30  inches,  the  weight  of  a  cubic  foot  of  air  would  be  529*6 
inches. 

I  must  refer  you  to  Eaemtz*s  or  to  DanielFs  Meteorology, 
and  to  Mr.  Glaisher's  Tables,  for  further  information  of  the 

V  4 
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uses  of  this  instrument ;  I  shall  here  merely  mention  that  it 
must  be  placed  in  the  shade  with  a  north  aspect,  not  too  near 
walls,  and  about  four  feet  from  the  ground. 


CONVERSATION  XXIV. 

Of  the  Rain- Gauge, 

C  Does  the  rain-gauge  measure  the  quantity  of  rain  that 
falls? 

F.  It  shows  the  height  to  which  the  rain  would  rise  on  thQ 
place  where  it  is  fixed,  if  there  were  no  evaporation,  and  if  none 
of  it  were  imbibed  by  the  earth.  A  funnel  a  com« 
municates  with  a  cylindric  tube  b.  The  diameter  of 
the  funnel  is  exactly  12  inches,  and  that  of  the  tube  is 
4  inches.  Tell  me,  Emma,  what  proporticm  the  area 
of  the  former  has  to  that  of  the  latter. 

E.  I  remember  that  all  similar  plane  surfaces  bear 
the  same  proportion  to  one  another  that  the  squares 
of  their  like  dimensions  have.    Now  the  square  of  12 
is  144,  and  the  square  of  4  is  16,  therefore  the  pro- 
Fig.  88.      portion  of  the  area  of  the  funnel  is  to  that  of  the  tube 

as  144  to  16. 
F,  But  144  may  be  divided  by  16,  without  leaving  a  remainder. 
C  Yes ;  9  times  16  b  144,  consequently  the  proportion  is  as 
9  to  1 ;  that  is,  the  area  of  the  funnel,  is  9  times  greater  than  that 
of  the  tube. 

F,  If  then  the  water  in  the  tube  be  raised  9  inches,  the  depth 
of  rain  fallen  will,  in  the  area  of  the  funnel,  which  is  the  true 
gauge,  be  only  one  inch. 

C  Does  the  little  graduated  rule  mark  the  elevation  ? 
F,  Yes,  it  does.     It  is  a  floating  index  divided  into  inches. 

E.  If  then  the  float  be  raised  1  inch,  is  the  depth  of  water 
reckoned  only  \  of  an  inch  ? 

F,  Just  so  :  and  each  nine  inches  in  length  being  divided  into 
100  equal  parts,  the  fall  of  rain  can  be  readily  estimated  to  the 
^^  part  of  an  inch.  Rain-gauges  should  be  varnished  or  well 
]painted ;  and  as  much  water  should  be  first  poured  in  as  will  raise 
the  float  to  such  a  height,  that  0,  or  zero,  on  the  ruler,  may  coinr 
cide  with  the  edge  of  the  funnel. 

C  This  is  not  like  your  rain-gauge. 

F,  Mine  is  a  cubical  zinc  box,  10  inches  square.  It  is  open 
above ;,  and  presents  a  funnel  mouth  to  the  sky,  having  a  small 
hole  in  the  centre,  through  which  the  rain-water  runs  into  the 
vessd.    There  is  a  pipe,  through  which  I  pour  out  what  has 
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been  collected,  and  measure  it  in  a  ^lass  measure,  graduated  to 
cubic  inches  and  fifths.  Hence  one  inch  of  rain  produces  10  X 
10  =  100  cubic  inches  of  water,  of  which  I  could  measure  easily 
the  hundredth  or  even  thousandth  part,  and  this  would  repre* 

sent  the  t^*^  or  Trrffrr*^  ^^  *^®  ^^^  ^^  ^*^°' 

You  have  now  a  pretty  full  account  of  all  the  instruments  ne- 
cessary forjudging  of  the  state  of  the  weather,  and  for  comparing, 
at  difi^rent  seasons,  the  various  changes  as  they  happen. 

E,  Yes ;  the  barometer  informs  us  how  dense  the  atmosphere 
is  ;  the  thermometer  enables  us  to  ascertain  its  heat ;  the  hygro- 
meter what  degree  of  moisture  it  contains ;  and  by  the  rain-gauge 
we  learn  how  much  rain  falls  in  a  given  time. 

F,  The  rain-gau^e  must  be  fixed  at  some  distance  from  all 
buildings  which  might  in  any  way  shelter  it  from  partictdar 
driving  winds ;  and  the  height  at  which  the  surface  of  the  funnel 
is  from  the  ground  must  be  ascertained. 

C.  Does  it  make  any  difference  in  the  quantity  of  rain  col- 
lected, whether  the  gauge  stands  on  the  ground,^  or  some  feet 
above  it  ? 

F.  Very  considerable :  as  that  which  I  have  described  is  a 
cheap  instrument,  one  may  be  placed  on  the  top  of  the  house, 
and  the  other  on  the  garden  wall,  and  you  will  find  the  diffe- 
rence much  greater  than  you  would  imagine.  —  I  will  now  give 
you  some  rules  for  judging  of,  and  predicting,  the  state  of  the 
weather,  which  are  taken  from  writers  who  have  paid  the  most 
attention  to  these  subjects,  and  which  my  own  observations  have 
verified. 

1 .  The  rising  of  the  mercury  presages,  in  general,  fair  weather, 
and  its  falling  fbul  weather,  as  rain,  snow,  high  winds,  and  storms. 
When  the  surface  of  the  mercury  is  convex,  or  stands  higher  in 
the  middle  than  at  the  sides,  it  is  a  sign  the  mercury  is  then  in 
a  rising  state ;  but  if  the  surface  be  concave  or  hollow  in  the 
middle,  it  is  then  sinking. 

2.  In  very  hot  weather,  the  falling  of  the  mercury  indicates 
thunder. 

3.  In  winter,  the  rising  presages  frost ;  and  in  frosty  weather 
if  the  mercury  falls  three  or  four  divisions,  there  will  be  a  thaw. 
But  in  a  continued  frost,  if  the  mercury  rises  it  will  certainly 
snow. 

4.  When  wet  weather  happens  soon  after  the  depression  of 
the  mercury,  expect  but  little  of  it ;  on  the  contrary,  expect 
but  little  mir  weather,  when  it  proves  fair  shortly  after  the 
mercury  has  risen. 

5.  In  wet  weather,  when  the  mercury  rises  much  and  high^ 
and  so  continues  for  two  or  three  days  before  the  bad  weat&.i: 
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Is  entirely  over,  then  a  continuance  of  fair  weather  may  be  ex- 
pected. 

6.  In  fair  weather,  when  the  mercury  falls  much  and  low, 
and  thus  continues  for  two  or  three  days  before  the  rain  comes, 
then  a  great  deal  of  wet  may  be  expected,  and  probably  high 
winds. 

7.  The  unsettled  motion  of  the  mercury  denotes  unsettled 
weather. 

8.  The  words  engraved  on  the  scale  are  not  so  much  to  be  at- 
tended to  as  the  rising  and  falling  of  the  mercury  ;  for  if  it  stand 
at  much  rain,  and  then  rises  to  changeable,  it  denotes  fair  weather, 
though  not  to  continue  so  long  as  if  the  mercury  had  risen  higher. 
If  the  mercury  stands  at  rair,  and  falls  to  changeable,  bad 
weather  may  be  expected. 

9.  In  winter,  spring,  and  autumn,  the  sudden  falling  of  the 
mercury,  and  that  for  a  large  space,  denotes  high  winds  and 
storms ;  but  in  summer  it  presages  heavy  showers,  and  often 
thunder.  It  always  sinks  lowest  of  all  for  great  winds,  thou<jh 
not  accompanied  with  rain  ;  but  it  falls  more  for  wind  and  rain 
together  than  for  either  of  them  alone. 

10.  If,  after  rain,  the  wind  change  into  any  part  of  the  north, 
with  a  clear  and  dry  sky,  and  the  mercury  rises,  it  is  a  certain 
sign  of  fair  weather. 

11.  After  very  great  storms  of  wind,  when  the  mercury  has 
been  low,  it  commonly  rises  again  very  fast.  In  settled  fair 
weather,  unless  the  barometer  sink  much,  expect  but  little  rain. 
In  a  wet  season,  the  smallest  depressions  must  be  attended  to  ; 
for  when  the  air  is  much  inclined  to  showers,  a  little  sinking  in 
the  barometer  denotes  more  rain.  And  in  such  a  season,  if  it 
rise  suddenly  fast  and  high,  fair  weather  cannot  be  expected  to 
last  more  than  a  day  or  two. 

12.  The  greatest  heights  of  the  mercury  are  found  upon 
easterly  and  north-easterly  winds  ;  and  it  may  often  rain  or 
snow,  the  wind  being  in  these  points,  while  the  barometer  is  in 
a  rising  state,  the  enects  of  the  wind  counteracting.  But  the 
mercury  sinks  for  wind  as  well  as  rain  in  all  other  points  of  the 
Qompass. 

'i  ne  observation  of  these  and  other  rules  which  you  will  collect 
from  experience  will  in  a  short  time  render  you  both  as  "  tcea- 
tkenoise  ^*  as  persons  can  in  truth  be,  in  so  variable  a  climate  as 
this. 

If  the  wet  and  dry  bulb  thermometers  are  carefully  observed 
as  well  as  the  barometer,  a  very  accurate  knowledge  may  be 
pbtained  of  the  probable  changes  that  are  about  to  take  place. 
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Of  Air  J  as  a  vehicle  of  heat  and  moisture  — Of  Rainy  Dew^ 

Meteoric  Stones. 

The  causes  which  determine  the  distribution  of  heat  over  the 
earth*s  surface  are,  as  has  been  shown  in  Conversation  X.  on 
Astronomy,  either  the  direct  influence  of  the  solar  rays,  or  the 
communication  of  heat  by  the  air,  from  one  part  of  the  earth*s 
surface  to  another.  The  first  of  these  depends  on  the  latitude 
of  the  place,  by  which  the  intensity  of  the  heat  and  light  from 
the  sun,  and  also  the  length  of  the  day,  are  determined.  But 
the  intensity  of  the  sun*s  rays,  when  they  strike  upon  any  place. 
Is  as  the  quantity  that  falls  on  a  given  space ;  and,  of  course,  the 
nearer  the  sun  is  to  the  zenith  of  any  place  at  a  given  instant, 
the  greater  the  intensity  of  heat  produced  by  his  rays. 

Moreover,  the  heat  of  an  entire  day  depends  on  the  len^h  of 
tke  day,  as  well  as  on  the  8un*s  elevation ;  and  as  the  day  is 
longer  where  the  distance  from  the  zenith  is  greater,  the  in- 
equality in  the  distribution  of  heat,  arising  from  one  of  these 
causes,  compensates  that  which  proceeds  from  the  other,  and 
brings  their  combined  effects  much  nearer  to  an  equidity  than 
Qould  be  imagined. 

The  effects  of  the  direct  influence  of  the  sun  are  greatly  mo« 
dified  by  the  transportation  of  the  temperature  of  one  region  into 
another.  Heat  expands  air,  and  it  thus  becomes  specifically 
lighter ;  but  the  columns  of  air,  which  become  lighter  by  the 
action  of  the  sun*s  rays,  are  displaced  by  those  that  are  heavier ; 
and  hence  there  is  a  general  tendency  in  the  air  to  move  from 
the  poles  towards  the  equator,  a  circumstance  which  is  admir* 
ably  calculated  to  moderate  the  extremes  of  temperature. 

The  sea,  upon  a  similar  principle,  is  preservea  of  a  moderate 
temperature,  for  the  heavier  columns  of  a  fluid  displace  those 
that  are  lighter.  Hence  the  waters  of  the  ocean  are  of  a  more 
uniform  temperature,  which  temperature  communicates  itself  to 
the  surrounding  air. 

The  effect  of  great  continents  is  the  inverse  of  this,  and  is 
favourable  to  the  extremes  of  heat  and  cold.  High  mountains, 
especially  if  covered  with  snow,  may  increase  the  rigour  of  a 
cold  climate,  or  temper  the  heat  of  a  warm  one. 

Forests  tend  to  increase  the  cold,  by  preventing  the  sun*s  rays 
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from  striking  on  the  ground.  Evaporation,  as  we  see  by  the  wet 
bulb,  produces  cold;  of  course,  countries  that  abound  in 
marshes  and  lakes  are  subject  to  an  increase  of  severe  cold. 
And  it  is  an  admirable  provision  in  nature,  that  in  the  act  of 
the  congelation  of  water  into  ice,  a  great  deal  of  heat  is  given 
out,  which  in  some  degree  moderates  the  severity  of  the  cold. 
On  the  other  hand,  the  melting  or  thawing  of  ice  produces 
cold,  which  prevents  the  dreadful  effects  that  might  be  oc- 
casioned bj  a  too  rapid  thaw,  especially  when  the  ground  i^ 
covered  with  a  very  deep  snow. 

The  height  above  the  level  of  the  sea  causes  a  diminution  of 
heat  at  the  rate  of  1^  for  about  300  feet  of  elevation,  which 
agrees  with  observations  made  for  twelve  years,  at  Highgate  and 
Camden  Town,  the  average  temperature  of  the  former  place 
beins  one  degree  lower  than  that  of  the  latter. 

The  varieties  of  temperature  on  the  surface  of  the  earth  are 
probably  confined  between  the  limits  of  100^  above  and  40^ 
below  0,  or  zero. 

No  natural  decree  of  cold  much  below  this  has  been  ever 
known  ;  and  the  tnerm<mieter,  in  the  shade,  has  rarely,  if  ever, 
been  seen  at  100^.  In  this  country,  as  far  as  I  have  ascertained, 
the  hottest  day  was  Wednesdi^,  July  13.  1808,  when  the  mer- 
cury stood  at  90°  in  an  open  situation  in  the  neighbourhood  of 
London  ;  but  in  London  and  confined  places  it  was  still  higher. 
There  is  no  doubt  that  the  climates  of  Europe  were  more 
severe  in  ancient  times  than  they  now  are,  and  .the  change  is 
ascribed  to  the  better  cultivation  of  the  soil.  Cultivation  may, 
in  fact,  improve  a  climate ;  first  by  draining  marshes  and  low 
grounds,  and  thereby  lessening  the  evaporation ;  secondly,  by 
turning  up  the  soil,  and  exposing  it  to  the  rays  of  tlje  suu  ;  and 
thirdly,  by  thinning  or  cutting  down  forests,  which,  by  their 
shade,  prevent  the  penetration  of  the  sun^s  rays.  The  im- 
provements that  are  taking  place  in  the  climate  of  North 
America  prove  that  the  power  -of  man  extends  to  phenomena 
which,  from  the  magnitude  and  variety  of  their  causes,  appear 
beyond  its  reach. 

The  vapour  that  rises  from  water,  uniting  itself  to  the  air, 
ascends  into  the  higher  regions  of  the  atmos^ere,  and  is  oflen 
carried  by  the  winds  to  great  distances.  It  is  chemically  dis- 
solved in  the  air. 

Humidity  does  not  lessen,  but  increases,  the  transparency  of 
the  air ;  hence  we  often  have  the  clearest  atmosphere  the  day 
before  heavy  rains.  If  two  portions  of  air,  of  different  tem- 
peratures, but  boUi  saturated  with  humidity,  be  mixed  to-* 


AIR,  RAIN,  DEW,  ETC.  301 

getter,  a  precipitation  must,  on  chemical  principles,  be  thrown 
down  in  toe  shape  of  clouds  or  rain. 

Dew  is  a  precipitation  of  humidity  from  the  lower  strata  of 
the  atmosphere.  When  air  containing  humidity  cools  below  a 
certain  point,  it  must  begin  to  deposit  its  moisture.  In  this 
way  dew  is  formed  in  warm  weather,  when,  on  the  sun's  going 
down,  the  heat  of  the  air  at  the  surface  is  greatly  diminished. 

Meteoric  stones  have  been  the  subject  of  much  controversy. 
Some  believe  them  to  have  been  originally  vomited  forth  from 
volcanoes.  Others  have  fancied  that  they  have  been  projected  by 
volcanoes  in  the  moon,  beyond  the  sphere  of  the  moon's  at- 
traction, and  have  in  due  course  fallen  to  the  earth.  Others 
have  thought  that  they  owe  their  origin  to  the  atmosphere ; 
that  the  air  is  full  of  particles  of  foreign  matter ;  and  that 
lightning  forms  them  into  a  mass.  But  there  are  many  serioi^s 
objections  to  these  hypotheses.  The  most  reasonable  is  the 
cosmical  theory,  which  supposes  them  to  be  little  masses  of 
planetary  matter  revolving  in  space ;  and  this  is  the  more  pro- 
bable from  the  fact,  that  in  August  and  November,  when  the 
earth  is  in  the  same  parts  of  planetary  space,  they  are  periodi- 
cally abundant ;  just  as  though  the  earth  at  that  time  came 
amongst  a  good  group  of  them. 


OPTICS, 


CONVERSATION  L      ' 

INTBODUCTIOir* 

Tutor  —  Charles — James, 

Of  Light,  —  Its  Velocity, — Moves  only  in  straight  lines, 

C,  When  we  were  on  the  sea,  you  told  us  that  jou  would 
explain  the  reason  why  the  oar,  which  was  straight  when  it  lay 
in  the  boat,  appeared  crooked  as  soon  as  it  was  put  into  the 
water. 

T.  I  did ;  but  it  requires  some  previous  knowledge  before 
you  can  comprehend  the  subject.  It  Would  afford  you  but  little 
satisfaction  to  be  told  that  this  deception  was  caused  by  thjS 
different  degrees  of  refraction  which  take  place  in  water  and  air. 

J,  We  do  not  know  what  you  mean  by  the  word  refraction. 

T.  It  will  therefore  be  right  to  proceed  with  caution.  iJc- 
fraction  is  a  term  frequently  used  in  the  science  of  optics,  and 
this  science  depends  wholly  on  ligJit, 

J.  What  is  light  ? 

T,  It  would  perhaps  be  difficult  to  give  a  direct  answer  to 
your  question,  because  we  know  nothing  of  the  nature  of  light 
but  by  the  effects  which  it  produces. 

J,  Does  not  the  light  come  from  the  sun  in  some  such 
manner  as  it  does  from  a  candle  ? 

T,  This  comparison  will  answer  our  purpose.  But  there  ap- 
pears to  be  a  great  difference  between  the  two  bodies.  A 
candle,  whether  of  wax  or  tallow,  is  soon  exhausted ;  but 
philosophers  haye  never  been  able  to  observe  that  the  body 
of  the  sun  is  diminished  by  the  light  which  it  incessantly  pours 
forth. 

J,  Pray,  sir,  how  swiftly  do  you  reckon  that  light  moves  ? 

T,  This  you  will  easily  calculate  when  you  know  that  it  is 
only  about  eight  minutes  in  coming  from  the  sun  to  us. 

C,  And  if  you  reckon  the  sun  to  be  at  the  distance  of  ninety- 
five  millions  of  miles  from  the  earth,  light  proceeds  at  the  rate, 
nearly,  of  twelve  millions  of  miles  in  a  minute,  or  260,000  miles 
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in  a  second  of  time.    But  how  do  you  know  that  it  trayels  so 
fast? 

T,  It  was  discovered  by  M.  Roemer,  who  observed  that  the 
eclipses  of  Jupiter*s  satellites  took  place  about  sixteen  minutes 
later,  if  the  earth  were  in  that  part  of  its  orbit  which  is 
farthest  from  Jupiter,  than  if  it  were  in  the  opposite  point  of 
the  heavens. 

C  I  understand  this ;  the  earth  may  sometimes  be  in  a  line 
between  the  sun  and  Jupiter ;  and  at  other  times  the  sun  is 
between  the  earth  and  Jupiter ;  and  therefore,  in  the  latter 
case,  the  distance  of  Jupiter  from  the  earth  is  greater  than  in 
the  former,  by  the  whole  length  of  the  diameter  of  the  earth*s 
orbit. 

T.  In  this  situation  the  eclipse  of  any  of  the  satellites  is  by 
calculation  sixteen  minutes  later  than  it  would  be  if  the  earth 
were  between  Jupiter  and  the  sun ;  that  is,  the  light  flowing 
from  Jupiter*s  satellites  is  about  sixteen  minutes  in  travelling 
the  width  of  the  earth*s  orbit,  or  190  millions  of  miles. 

J,  It  would  be  curious  to  calculate,  how  much  faster  light 
travels  than  a  cannon  ball. 

T.  Suppose  a  cannon  ball  to  travel  at  the  rate  of  twelve 
miles  a  minute :  light  is  calculated  to  move  a  million  times 
faster  than  that ;  yet  it  is  conjectured  that  there  may  be  stars 
so  distant  from  us  that  the  light  proceeding  from  them  has  not 
yet  reached  the  earth. 

C  And  have  I  not  heard  you  say  that  some  of  the  smaller 
nebulae  are  so  far  distant,  that  their  light  could  not  have 
reached  us  in  less  than  many  thousand  years  more  than  the 
vulgar  notion  of  the  duration  of  time  ? 

T,  Yes :  and  this  is  one  of  the  strongest  confirmations  of  the 
ideas  put  forth  by  geologists,  that  the  mere  earth  existed, 
with  a  difierent  organic  creation,  long  before  man  was  placed 
upon  it. 

J,  And  you  say  light  moves  in  all  directions  ? 

T,  Here  is  a  sheet  of  thick  brown  paper,  and  I  only  make  a 
small  pin-hole  in  it,  and  then,  through  tnat  hole,  I  can  see  the 
same  objects,  such  as  the  sky,  tree,  houses,  &c.,  as  I  could  if 
the  paper  were  not  there. 

C.  Do  we  only  see  objects  by  means  of  the  rays  of  light  that 
flow  from  them  P 

T,  In  no  other  way,  and  therefore  the  light  that  comes  from 
the  landscape,  which  I  view  by  looking  through  the  small  hole 
in  the  paper,  must  come  in  all  directions  at  the  same  time. 
Take  anotner  instance :  if  a  candle  be  placed  on  an  eminence 
in  a  dark  night-,  it  may  be  seen  all  round  for  the  space  of  half  .a 
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mile ;  in  other  words,  there  is  no  place  within  a  sphere  of  a 
mile  diameter,  where  the  candle  cannot  be  seen,  that  is,  where 
«ome  of  the  rays  from  the  small  flame  will  not  be  found. 

J,  Why  do  you  limit  the  distance  to  half  a  mile  ? 

T.  The  distance,  of  course,  will  be  greater  or  less,  according 
to  the  size  of  the  candle ;  but  the  degree  of  light,  like  heat, 
diminishes  in  proportion  as  the  square  of  the  distance  from  the 
luminous  body  increases. 

J,  Do  you  mean  that,  at  the  distance  of  two  yards  from  a 
candle,  we  shall  have  four  times  less  light  than  we  should  have 
if  we  were  only  one  yard  from  it  ? 

T.  I  do  :  and  at  three  yards*  distance  nine  times  less  light; 
and  at  four  yards*  distance  you  will  have  sixteen  times  less 
light  than  you  would  were  you  within  a  yard  of  the  object.  I 
hare  one  more  thing  to  tell  you :  light  always  moves  in  straight 
lines. 

J,  How  is  that  known  P 

2*.  Look  through  a  straight  tube  at  any  object,  and  the  ravB 
jof  light  will  flow  readily  from  it  to  the  eye ;  but  let  the  tuoe 
be  bent,  and  the  object  cannot  be  seen  through  it,  which  proves 
that  light  will  move  only  in  a  straight  line. 

This  is  plain  also  from  the  shadows  which  opac[ue  bodies 
cast;  for  if  the  light  did  not  describe  straight  hues,  there 
would  be  no  shadow.  Hold  any  object  in  the  light  of  the 
sun,  or  a  candle,  as  a  square  board  or  book,  and  the  shadow 
caused  by  it  proves  that  light  moves  only  in  right  or  straight 
lines ;  for  the  space  immediately  behind  the  board  or  book  is 
in  shade. 

C  Is  it  not  dark  there  P 

T.  No,  not  absolutely  dark  :  it  is  enlightetied  in  some  degree 
by  rays  reflected  from  the  illuminated  space* 


CONVERSATION  H. 
0/  Bays  of  Light  —  0/  Reflection  and  Refraction. 

C,  Tou  talked,  the  last  time  we  met,  of  the  t9.j%  of  light 
flowing  or  moving :  what  do  vou  mean  by  a  ray  of  light  f 

T.  We  must  first  think  of  what  light  itoelf  is.  It  bad  long 
been  maintained  by  philosophers,  that  it  consisted  of  infinitelj 
small  particles,  given  offb^  the  luminous  body ;  but  this  theory 
18  fast  losing  groimd.  It  is  the  general  opinion  now,  that  light 
is  the  result  of  undulatorj  motions  impressed  upon  the  eome' 
thing  or  the  nothing,  which  philosophers  call  the  ether,  that 
pervades  space.  So  that  a  ray  of  light  is  verj  much  analogo^s  to 
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the  ware'  of  sound ;  tbe  one,  however,  affecting  the  eye,  the 
other  the  ear.  Now  lights  —  or  more  properly  a  right  line  ex* 
tending  from  the  luminous  body  to  the  limit  of  illumination — 
is  about  eight  minutes  in  coming  from  the  sun  to  us ;  then,  if  thf 
sun  were  blotted  from  the  heavens,  we  should  actually  have 
the  same  appearance  for  eight  minutes  after  the  destruction  of 
that  body  as  we  now  have. 

•T".  I  do  not  understand  how  we  could  see  a  thing  that  would 
not  exist. 

7*.  You  do  not  ?  Throw  a  stone  in  the  water,  it  is  now  at 
the  bottom,  and  as  a  source  of  waves  ceases  to  exist ;  but  the 
last  wave  has  not  yet  reached  the  shore.  And  so  it  is  with 
light;  the  undulation,  once  given,  must  proceed  on;  but  it 
does  not  follow  that  the  light  which  caused  the  undulation 
should  so  act,  as  it  were,  untu  the  wave  readied  a  human  eye^ 
Remember,  two  things  are  necessarpr  for  the  existence  of  lignt ; 
an  undulation,  and  an  eye  to  receive  it ;  if  either  of  them  is 
wanting,  there  is  no  light.  A  blind  man  has  no  idea  of  li^t ; 
tbe  best  notion  a  certain  biind  man  had  of  scariet,  after  h>ng 
teaching,  was  that  it  was  like  the  soutid  of  a  (rwnpet, 

C  Do  we  mat  actually  see  the  body  itself? 
.    T*  No:  we  see  the  light  emanating  from  it,  or  reflected 
from  it. 

wT.  What  do  you  mean  by  being  reflect^  f 

T.  If  I  throw  this  marble  smartly  iigainst  the  wainscot,  will 
It  remain  where  it  was  thrown? 

J,  No :  it  will  rebownd^  or  come  bade  again. 

T,  What  you  call  rebounding,  writers  on  optics  denominate 
reflection.  When  a  body  of  any  kind,  whether  it  be  a  marble 
with  which  you  play,  or  a  wave  of  light,  strikes  against  a 
surface  and  is  sent  back  again,  it  is  said  to  be  reflected.  If  you 
£^oot  «  marble  straight  against  a  board,  or  other  obstacle,  it 
eomes  back  in  the  same  line,  or  nearly  so ;  but  suppose  you 
throw  it  sidewise,  does  it  return  to  tbe  hand  P 

C  Let  me  see:  I  wUl  shoot  this  marble  against  the  middU  of 
one  side  of  the  room  from  the  comer  of  Uie  opposite  side. 

J,  Youperceive  that,  instead  of  coming  back  to  your  hand, 
it  goes  off  to  the  other  comer  direetly  opposite  to  tbe  place 
from  which  3rou  sent  it. 

T,  This  will  lead  us  to  the  explanation  of  one  of  the  principal 
definitions  in  optics,  —  viz.  that  the  angle  of  rejltction  t#  ahoayg 
equal  to  the  angle  of  incidence.    You  know  what  an  angle  is  ?  ^^ 

C,  We  do  :  but  not  what  an  angle  of  incidence  is. 

•  See  Gonvenatioii  I. 
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T.  I  said  a  raj  of  liglit  was  a  ware,  or  mMJiilarion : 
tbere  are  imeideni  rarg  and  rt/leeUd  rajs. ! 

The  tmddeai  rajs  are  those  which  .^iif  am  the  surface  ;  aoad 
the  re/leeted  rajs  are  those  which  are  seaf  qgTfrcim  h. 

C  Does  the  line  made  or  supposed  to  he  made  bj  die 
marble  in  goitif  to  the  wainscot  represent  the  tmddemi  raj,  and 
in  gain;  from  it  does  it  represent  the  reflteted  raj  ? 

7*.  U  does ;  and  the  wainscot  maj  be  called  the  reflecting 
forface. 

J.  Then  what  are  the  ang^les  of  incidence  and  reflectioii  ? 

T.  Suppose  Ton  draw  the  lines  on  which  the  marble  trarelled, 
both  to  tne  wainscot  and  from  it  again. 

C.  I  will  do  it  with  a  piece  of  chalk  as  nearlj  as  I  can. 

T.  Now  draw  a  perpendicular  *  from  the  point  where  the 
marble  struck  the  surface,  that  is,  where  jour  two  lines  meet. 

C  I  see  there  are  two  angles,  and  thej  seem  to  be  eqnaL 

T.  We  cannot  expect  mathematical  precision  in  sudi  trials 
as  these ;  but  tf  the  experiment  were  accuratelj  made,  with  a 
perfectlj  elastic  substance^  the  two  angles  would  be  perfectlj 
equal :  the  an^  contained  between  the  incident  raj  and  the 
perpendicular  is  called  the  angle  of  incidence,  and  that  con- 
tained between  the  perpendicular  and  reflected  raj  Is  called 
the  angle  of  reflection. 

J,  Are  these  in  all  cases  equal,  shoot  the  marble  as  joa 
will? 

T.  Thej  are ;  and  the  truth  holds  equall j  with  the  rajs  of 
light :  —  both  of  jou  stand  in  front  of  the  looking-glass.  Ypa 
see  jourselvc!*,  and  one  another  also ;  for  the  rajs  of  light,  flow 
from  JOU  to  the  glass,  and  are  reflected  back  again  in  the  same 
lines.  Now  both  of  jou  stand  on  one  side  of  Uie  room.  What 
do  JOU  see  ? 

C.  Not  ourselres,  but  the  furniture  on  the  opposite  side. 

T.  The  reason  of  this  is,  that  the  rajs  of  light,  flowing  from 
jou  to  the  glass,  are  reflected  to  the  other  side  of  the  room. 

C.  Then  if  I  go  to  that  part,  I  shall  see  the  rays  of  light 
flowing  from  m j  brother ;  and  I  do  see  him  in  the  glass. 
•    J,  And  I  see  Charles. 

T.  Now  the  rays  of  light  flow  from  each  of  jou  to  the  glass, 
and  are  reflected  to  one  another :  but  neither  of  jou  sees 
himself. 

C,  No :  I  will  move  in  front  of  the  glass ;  now  I  see  mjself, 
but  not  mj  brother  ;  and  I  think  I  understand  the  subject  very 
well. 

.  •  I'  th«  point  be  exactly  In  the  middle  of  one  lide  of  the  room,  a  perpendienlar  Is  xeadilv 
Arawn  by  flading  the  middto  of  the  opporite  lide,  and  joining  tlie  two  points. 
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T.  Then  explain  it  to  me  by  a  figure,  which  you  may  draw 
on  the  slate. 

C,  Let  A  B  represent  the  looking-glass  :  if  I  stand  at  c,  the 
rays  flow  from  me  to  the  glass,  and  are  re- 
flected back  in  the  same  line,  because  now 
there  is  no  angle  of  incidence,  and  of  course 
no  angle  of  reflection ;  but  if  I  stand  at  a;, 
then  the  rays  flow  from  me  to  the  glass,  but      ^ 
they  make  the  angle  x  o  c,  and  therefore     * 
they  must  be  reflected  in  the  line  o  y  so  as 
to  make  the  angle  y  o  c,  which  is  the  angle  ^'«*  '• 

of  reflection,  equal  to  the  angle  ar  o  c.    And  if  James  stand  at 
y,  he  will  see  me  at  x,  and  I  standing  at  x  shall  see  him  at  y, 

T,  The  same  thins:  occurs  with  respect  to  every  plane  re- 
flecting surface,  as  wdl  as  in  a  looking-glass ;  as  in  clear  water, 
or  in  highly  polished  steel,  mahogany,  &c. 

C  Are  the  undulations,  which  produce  light,  rapid  ? 

T,  Yes :  477  millions  of  millions  of  vibrations  must  occur  in 
a  second  to  produce  red  light ;  and  699  millions  of  millions  to 
produce  violet.  The  waves  of  light  are  minute  beyond  imaffina- 
tion.  There  are  39,180  waves  or  undulations  of  red  light  m  an 
inch ;  and  57,490  of  violet  light,  the  extreme  violet  ray  has  2260 
more  waves  in  an  inch.  Ask  Emma  to  strike  the  middle  C  of 
her  piano ;  now,  if  that  string  were  bisected  40  times,  and  it 
were  possible  to  make  it  vibrate,  what  would  it  produce  ? 

E,  A  very  inaudible  sound,  surely. 

T.  No :  it  would  actually  produce  yeUowish'green  light. 


CONVERSATION  IIL 
Of  the  Refraction  of  Light 

C,  If  glass  stop  the  rays  of  light,  and  reflect  them,  why  cannot 
I  see  myself  in  the  window  ? 

T,  It  is  the  silvering  on  the  glass  which  causes  the  reflection. 
No  glass,  however,  is  so  transparent,  but  it  reflects  some  rays : 
put  your  hand  to  within  three  or  four  inches  of  the  window,  and 
you  see  clearly  the  image  of  it. 

J.  So  I  do;  and  the  nearer  the  hand  is  to  the  glass,  the  more 
evident  the  image ;  but  it  is  formed  on  the  other  side  of  the 
glass,  and  bevond  it  too. 

2\  It  is ;  this  happens  also  in  looking  glasses ;  vou  do  not  see 
yourself  on  the  surface,  but  apparently  as  far  behind  the  glass 
as  you  stand  from  it  in  the  front. 

Whatever  suflers  the  rays  of  light  to  pass  through  it,  is  called 

X  2 
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ftinediMi.  GUw,  wliich  b  tnoaputnt,  b  a  ■edium;  i>  aba  ipe 
mir  and  wtttr :  and  indeed  all  fluids  tbat  are  traa^iarait  mt 
eilled  media^  and  the  more  tran^Munent  the  bodj,  the  Bore  pa> 
feet  is  the  medium. 

C  Do  the  rajs  of  light  paM  through  theie  in  a  itia^hl  line? 

T,  Tbej  do;  but  if  tbej  enter  it  at  an  angle  ther  do  not  paM 
through  in  preciielj  the  same  direction  in  which  thej  were 
moving,  before  thej  entered  it.    Thej  are  beml  ont  of  theff 
former  course,  and  thb  b  called 
re/raetiaiL 

J,  Can  Toa  explain  thb  term 
more  clear! j  T 

T,  Suppose  AB  to  be  a  piece  of 
glass  two  or  three  inches  thick,  and 
a  raj  of  light,  s  a,  to  fall  upon  it  at 
a ;  it  will  not  pass  through  in  the 
direction  ss,  but  when  it  comes  to  a, 
it  will  be  bent  towards  the  perpen- 
dicular a  6,  and  go  through  the  glass 
in  the  course  ax;  and  when  it  comes  into  the  air,  it  will  pam  en 
in  the  direction  x  z,  which  b  parallel  to  s  «. 

C  Does  thb  happen  if  the  raj  fall  perpendiculailj  on  the 
glass  at  p  a  / 

T,  In  that  case  there  is  no  refraction,  but  the  raj  proceeds  in 
its  passage  through  the  jglass,  preciselj  in  the  same  direction  aa 
it  did  l>efore  it  entered  it,  namelj,  in  the  direction  f  h. 

J.  Refraction,  then,  takes  place  onlj  when  the  rajs  fall  ob* 
liquet  J  or  slantwise  on  the  medium  P 

T.  Just  so :  rajs  of  light  maj  pass  out  of  a  rarer  into  a  denser 
mc<lium,  as  from  air  into  water  or  glass ;  or  thej  maj  pasa  from 
a  denser  medium  into  a  rarer,  as  from  water  into  air. 

C.  Arc  the  effects  the  same  in  both  cases  P 

T.  I1icy  are  not ;  and  I  wish  jou  to  remember  the  difference. 
When  lignt  passes  out  of  a  rarer  into  a  denser  medium,  it  b 
drawn  to  the  perpendicular :  thus  if  s  a  pass  from  air  into  glasSi 
it  moves,  in  its  passage  through  it,  in  the  Gne  a  r,  which  is  nearer 
to  the  perpenaicular  r  b  than  the  line  a  s,  which  was  its  first 
direction. 

But  when  a  ray  passes  from  a  denser  medium  into  a  rarer,  it 
moves  in  a  direction /ar^A^/rom  the  perpendicular ;  thus  if  the 
raj  X  a  pass  through  glass  or  water  into  air,  it  will  not,  when  it 
comes  to  a,  move  in  the  direction  a  m,  but  in  the  line  a  s,  whidi  b 
fkrther  than  a  m  from  the  perpendicular  a  p. 

J,  Can  jou  show  us  an  j  experiment  in  proof  of  this  P 

T.  Yes,  I  can :  here  b  a  common  earthen  pan,  on  the  bottom 
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pf  which  I  will  lay  a  shilling,  and  will  fasten  it  with  a  piece  of 

sofl  wax,  so  that  it  shall  not  move  froin  its  place,  while  I  poui^ 

|Q  some  water.     Stand  back,  till  you  just  lose  sight  oi  the 

ahillusg. 

1    •/'.  The  side  of  the  pan  now  completely  hides  the  sight  of  the 

money  from  me. 

T,  I  will  pour  in  a  pitcher  of  clear  water. 

J»  I  now  see  the  shilling ;  how  is  this  to  be  explained  f 

T,  Look  to  the  last  figure,  and  conceive  your  eye  to  be  at  s, 
a  b  the  side  of  the  pan,  and  the  piece  of  money  to  be  at  x:  now, 
when  the  pan  is  empty,  the  rays  of  light  flow  from  a;,  in  the  di- 
rection X  am;  but  your  eye  is  at  s,  of  course  you  cannot  see 
anything  by  the  ray  proceeding  alon^  xam.  As  soon  as  I  put 
the  water  into  the  vessel,  the  rays  of  light  proceed  from  xtoa, 
but  there  they  enter  ^m  a  denser  to  a  rarer 'medium ;  and 
itherefore,  instead  of  moving  in  a  »i,  as  ihey  did  when  there  was 
no  water,  they  will  be  bent  from  the  perpendicular,  and  will 
come  to  your*eye  at  s,  as  if  the  shilling  were  situate  at  n. 

J,  And  it  does  appear  to  me  to  be  at  fi. 

T,  Remember  what  I  am  gmng  to  tell  you,  for  it  is  a  sort  of 
Axiom  in  optics ;  '*  We  see  everything  in  the  direction  of  that 
line  of  which  the  rays  approach  us  1^."  Which  may  be  thus 
Illustrated:  I  place  a  candle  before  the  looking-glass,  and  if  you 
Btand  also  before  the  glass,  the  image  of  the  candle  appears 
behind  it ;  but  if  another  looking-glass  be  so  placed  as  to  receive 
the  reflected  rays  of  the  candle,  and  you  stand  befgre  this  second 
glass,  the  candle  will  appear  behind  that;  because  the  mind 
transfers  every  object  seen  along  the  line  in  which  the  rays  come 
to  the  eye  last 

C  If  the  shilling  were  not  moved  by  the  pouring  in  of  the 
water,  I  do  not  understand  how  we  could  see  it  afterwards. 

T.  But  you  do  see  it  now  at  'the  point  %  or  rather  at  the 
little  dot  just  above  it,  which  is  an  inch  or  two  from  the  place 
where  it  was  fastened  from  the  bottom, 'and  f>om  which,  you 
may  convince  yourself,  if  has  nof  moved." 

J,  I  should  like  to  be  convinced  of  this.  Will  you  make  the 
•experiment  again,  Uiat  I  may  be  satisfied  of  it? 

T,  You  may  make  it  as  oflen  as  you  please,  and  the  effect 
•will  always  be  the  same ;  but  you  must  not  imagine  that  the 
shilling  only  will  appear  to  move,  the  bottom  of  the  vessel 
seems  also  to  change  its  place. 

</.  It  appears  to  me  to.be  raised  higher  as  the  water  is  poured 
in.  -  .  _  .       ^ 

T,  I  trust  you.  are  satisfied  by  this  ej^perimeat ;  but  I  can 
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show  jooaaodiercqiialljeoimBciii^;  Imt  ftr  tikii  we  alnd  in 
need  of  the  fun. 

Tike  an  emptj  wtm^  a,  ft  eoamon  pm  cr 

Wt  bftTing  ool J  ft  Torj  smftll  bole  in  the  window* 
^  /  fhatler;  foplaoe  thelMwin  tlwt  ftiacfof  liglitst 
g^^  ih«U  fidl  npoii  the  bottom  of  it  ftt  a;  hoe  I 

^^H  mftke  ft  fniftil  nuurk,  ftnd  then  fin  the  bftsin  intb 

^^M  wftter.    Now  where  does  the  rmj  fidlf 

^1^  J.  Modi  nearer  to  the  nde  ftt  h. 

*  i  T.  I  did  not  more  the  basin,  and  therefore 

rtg,  t,        could  bare  bad  no  power  in  altering  the  coime 
oftbeligbt. 
C.  It  is  Terj  clear  that  the  raj  was  refracted  bj  the  water 
at  s,  and  I  see  that  the  effect  of  refraction,  in  this  mstance,  has 
been  to  draw  the  raj  nearer  to  a  perpendicnlar,  which  maj  be 
oonceiTed  to  be  the  side  of  the  TesseL 

T.  The  same  thing  maj  be  shown  with  a  candle  in  a  room 
otherwise  dark*  Let  it  stand  in  soch  a  manner  as  that  die 
shadow  of  the  side  of  a  pan  or  box  maj  fidl  somewhere  at  the 
bottom  of  it;  mark  the  place,  and  poor  in  water,  and  die 
shadow  wiU  not  then  fall  so  far  from  toe  side.  For  in  this  case, 
the  rajs  of  light  pass  mU  of  air^  which  is  ft  rare  medium,  vdo 
water^  which  is  a  denser  medium,  snd  ftre  ftccording^j  drawn 
neftrer  to  the  pefpendicular. 

J,  Do  aU  media  refract  equall  j  T 

T.  No.  There  is  a  great  difference  in  the  rtfrae6mg  imdex^ 
as  it  is  termed,  of  bodies.    Vacuum  being  reckoned  as  1*0, — 

Hjdrogcnis  -  -  -  -  1*00013 

Ice             »f  -  -  -  -  1*309 

Water       „  -  -  -  -  1336 

Alcohol      „  -  -  -  -  1-372 

Flint-glass  „  .  -  -  -  1-60 

Diamond    „  -  -  -  -  1*439 

Tbeie  numbers  refer  to  a  certain  trigonometrical  relation 
existing  between  the  angle  of  incidence,  sa  a,  and  the  angle  of 
reflection,  x  a  &,  fig.  2.  The  absolute  refracting  power  esti- 
mftted  in  proportion  to  the  specific  gravitj  of  bodies  is  found 
grefttest  in  combustible  bodies. 

Hydrogen  -            .            -            -  8*095 

Water  -            -            -            -  -7845 

Alcohol  .            -            -            .  1-0121 

Flint-glass  ....  -7986 

Diamond  •           .           .           .  1*4866 
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And  this  it  was  which  led  Sir  Isaac  Newton  to  suspect  that 
diamond  was  a  combustible  body,  which  experiment  lias  now 
demonstrated.    It  is  carbon,  or  charcoal. 


CONVERSATION  IV. 
Of  the  Reflection  and  Refraction  of  Light. 

T,  We  will  now  proceed  to  some  farther  illustrations  of  the 
laws  of  reflection  and  refraction.  We  shut  out  all  the  light 
except  the  ray  that  comes  in  at  the  small  hole  in  the  shutter. 
At  the  bottom  of  this  basin,  where  the  ray  of  light  falls,  I  lay 
this  piece  of  looking-glass ;  and  if  the  water  be  rendered  in  a 
small  degree  opaque  by  mixing  with  it  a  few  drops  of  milk,  and 
the  room  be  filled  with  dust  by  sweeping  a  carpet,  or  any  other 
means,  then  you  will  see  the  refraction  which  the  ray  from  the 
shutter  undergoes  in  passing  into  the  water,  the  reflection  of  it 
at  the  surface  of  the  looking-glass,  and  the  refraction  which 
takes  places  when  the  ray  leaves  the  water,  and  passes  again 
into  the  air. 

J.  Does  this  refraction  take  place  in  all  kinds  of  glass  ? 

T.  It  does ;  but  where  the  glass  is  very  thin,  as  in  window 
glass,  the  deviation  is  so  small  as  to  be  generally  overlooked. 
You  may  now  understand  wh^  the  oar  m  the  water  appears 
bent,  though  it  be  really  straight ;  for  suppose  a  b  represent 
water,  and  max  the  oar;  the  image  of  tne  part  az  in  the 
water  will  lie  above  the  ob- 
ject, so  that  the  oar  will  ap- 
pear in  the  shape  m  a  n, 
instead  of  ma  z.  On  this  /^J 
account,  also,  a  fish  in  the 
water  appears  nearer  the  sur- 
face than  it  actually  is,  and  a 
marksman  shooting  at  it  must  ^*  ^ 

aim  below  the  place  which  it  seems  to  occupy. 

C  I  see  that  we  cannot  judge  of  distances  so  well  in  water  as 
in  air.  And  I  am  sure  we  cannot  of  magnitude ;  for,  in  look- 
ing through  the  sides  of  a  globular  slass  at  some  gold  fish,  I 
thought  them  very  large ;  but  if  I  looked  down  upon  them  from 
the  top,  they  appeared  very  much  smaller. 

T.  Herei  the  convex  or  round  shape  of  the  glass  becomes  a 
magnifier,  the  reason  of  which  will  be  explained  hereafter.  A 
fish  will,  however,  look  larger  in  water  than  it  really  is.  I  will 
show  you  another  experiment,  which  depends  on  refraction. 
Here  is  a  glass  goblet  two-thirds  full  of  water ;  I  throw  into  it 

X  4 
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a  shilling,  and  place  a  plate  on  the  top  of  it,  and  turn  it  qnicklj 
over,  that  the  water  may  not  escape.    What  do  you  see  r 

C  There  seems  certainly  a  half-crown  lying  on  the  plate^' 
and  a  shilling  appears  to  be  swimming  above  it  in  the  water. 

T.  So  it  seems,  indeed ;  but  it  is  a  deception,  which  arises 
from  your  seeing  the  piece  of  money  in  two  directions  at  once, 
viz.,  through  the  conical  surface  of  the  water  at  the  side  of  the 
glass,  and  through  the  flat  surface  at  the  top  of  the  water.  Tiic 
Conical  surface,  as  was  the  case  with  the  globular  one  in  which 
the  fish  were  swimming,  noagnifies  the  money ;  but  by  the  flat 
surface  the  rays  are  only  rei^cted,  on  which  account  the  money 
is  seen  higher  up  in  the  glass,  and  of  its  natural  size,  or  nearly  so. 
J,  If  I  look  sidewise  at  the  money,  I  only  see  the  large  piece  ; 
and,  if  only  at  top,  I  see  it  in  its  natural  size  and  state. 

C  Look  again  at  the  fish  in  the  glass,  and  you  will  see 
through  the  round  part  two  very  large  fish,  and  seeing  them 
from  the  upper  part,  they  appear  of  their  natural  size ;  the  de- 
ception is  the  same  as  with  the  shilling  in  the  goblet. 

2\  The  principle  of  refraction  is  productive  of  some  very  im» 
portant  effects.  By  this  the  sun,  every  clear  morning,  is^  seeni 
several  minutes  before  he  comes  to  the  horiaon,  and  aa  long 
afler  he  sinks  beneath  it  in  the  evening. 

C  Then  the  days  are  longer  than  they  would  be,  if  there 
was  no  such  a  thing  as  re^ctioii.  Will  you  explain  how  thi» 
happens  ? 

'    T,  I  will.    You  know  we  are  surrounded  with  aa  atmo^ 
sphere  of  sufficient  density  to  refract  the  rays  of  light,  extend- 
ing to  above  the  height  of  forty-five  miles. 
^^  ^^  Now  the  dotted  part  of  this  diagram  re- 

I    /    i^^       presents   that  atmosphere.     Suppose     a 
:  /\y''  spectator  stand  at  s,  and  the  sun  to  be  at 

'^^.^ jiA    a ;  if  there  were  no  refraction,  the  person 

"*        4     at  s  would  not  see  the  rays  of  the  sun  till 

he  were  situate  with  regsurd  to  the  sun  in 

b^  a  line  sxa;  because,  when  it  was  belo\«r 

rig.  ft.  *^®  horizon,  at  ft,  the  rays  would  pass  by 

the  earth   in   the   direction   bxz;    butj 

owing  to  the  atmosphere  and  its  refracting  power,  when  the  rays 

from  b  reach  ar,  they  are  bent  towards  the  perpendicular,  and 

carried  to  the  spectator  at  8. 

4  *^'  ^^^^  ^®  really  see  the  image  of  the  sun  while  it  is  below 
WQ  horizon  ? 

*  T.  He  will ;  for  it  is  easy  to  calculate  the  moment  when  the 
snn  should  rise  and  set,  and,  if  that  be  compared  with  exact  ob« 
servation,  it  will  be  found  that  the  Image  of  the  son  is  aeea 
sooner  or  later  than  this,  by  several  minutes  erery  clear  day. 
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C,  Are  we  subject  to  the  same  kind  of  deception  when  thq 
sun  is  actually  above  the  horizon  P 

T.  We  are  always  subject  to  it  in  these  latitudes,  for  the 
toi  is  neyer  in  that  place  in  the  heavens  where  he  appears  to  be. 

J.  Why  in  these  latitudes  particularly  ? 

T.  Because  with  us  the  sun  is  never  in  the  zenUhy  8,  or 
directly  over  our  heads;  and  in  that  situation  alone  his  true 
place  in  the  heavens  is  the  same  as  his  apparent  place. 

C  Is  that  because  there  is  no  refraction  when  the  rays  fall 
perpendicularly  on  the  atmosphere  ? 

T.  It  is ;  but  when  the  sun  is  at  m,  in  the  last  figure,  his 
rays  will  not  proceed  in  a  direct  line  m  o  s,  but  will  be  bent  out 
of  their  course  at  o,  and  go  in  the  direction  o  s,  and  the  spec* 
tator  will  imagine  he  sees  the  sun  in  the  line  of  s  o  n. 

C  What  make»  the  moon  look  so  much  larger,  when  it  13 
just  above  the  horizon,  than  when  it  is  higher  up. 

T,  The  thickness  of  the  atmosphere,  when  the  moon  is  near 
the  horizon,  renders  it  less  bright  than  when  it  is  higher  up, 
which  leads  us  to  suppose  it  is  farther  €i/S  in  the  former  case 
than  in  the  latter ;  ana,  because  we  imagine  it  to  be  farther  from 
us,  we  take  it  to  be  a  larger  object  than  when  it  is  higher. 

It  is  owing  to  the  atmosphere  that  the  heavens  appear  bright 
in  the  daytime.  Without  any  atmosphere  only  that  part  of  the 
heavens  would  appear  luminous  in  which  the  sun  is  seen ;  in 
that  ease,  if  we  could  Hve  without  air,  and  should  stand  with 
our  backs  to  the  sun,  the  whole  heavens  would  a|)pear  as  dark 
as  night.  We  Cannot^  therefore,  too  hfghly  estimate  the  im« 
portance  of  an  atmosphere  that  afibrds  those  reflections  and  re« 
fractions  of  light,  which  shed  lustre  over  surrounding  objects, 
and  which  form  pleasing  transitions  from  darkness  to  day,  and 
from  day  to  night,  by  means  of  twilight. 

The  particles  of  light  from  the  sun  travel  in  immense  regions 
of  complete  darkness,  till  they  arrive  at  the  atmospheres  of  the 
Several  planets  and  satellites,  when  their  passage  through  those 
atmospheres,  by  (firect  motion,  reflection,  and  refraction,  gives 
occasion  to  the  manifestation  of  light,  and  all  its  beauteous, 
striking,  and  useful  modifications. 


CONVERSATION  V. 

Definitions— Of  the  different  kinds  of  Lenses^Of  Mr.  Parker's 
Burning  Lens,  and  the  effects  produced  hy  it, 

T.  I  must  claim  vour  attention  to  a  few  other  definitions ; 
the  knowledge  of  which  will  be  wanted  as  we  proceed.  . 


PcavM  txtg»  ate  •acta  u  alwajf  nDre  M  ilie  Mine  ■<■«««" 
&Mn  each  otba. 

C.  That  it  MMMllui^  like  Ibe  definition  of  poraOrf  lime*.* 
Boi,  wbcB  joa  admiticd  the  rsji  «r  light  dtrougli  Ibe  noall  hirie 
K  the  ihnller,  Iber  did  not  Mem  to  flow  from  tliat  pdnt  m 
paialld  lino,  bat  to  recede  from  each  other  in  prop«rtioB  to 
tbeir  dictance  froa  that  point. 

T.  Tbejr  did;  BDd  when  Ib^' 
io  tbm  recede  from  each  other, 
■■  in  this  Ggnre,  from  c  to  ed^ 
(ha  tbeT-  arc  laid  to  dioergt. 
Bnt  if  tliej  continnallj  ^yjmicfa 
lowudi  each  otha-,  aa  in  movi^ 
from  ed  to  c  titej  are  laid  to 

^What  doei  the  daA  part  of 
tbi«  Geore  represent  ? 

T.  Itrepreamta  agluBlen«,of  wbich  tbm  are  Kraal  kinda. 

C,  How  do  jon  dcK^be  a  lent  ? 

T.  A  lau  i«  a  gU»  ground  Into  mcb  a  fenn  ai  to  0(41ect  or 


^tpene  Ibe  tajt  of  light  which  pan  Ibroo^b  it.     Len«ea  a 
dinercDt  ibapea,  from  which  the;  take  their  names.    Tfaey  aK 
KprewDted  here  in  one  view,    a  ii  niirh  a  one  as  that  in  the 


lait  Gjpire,  and  it  ii  called  a  jitaio-eoKMx,  becaiue  one  side  U 
flat  and  the  other  convex ;  b  ii  a  jJano-coneaee, — one  aide  being 
flat,  and  the  other  eoTicave  j  c  i«  a  double  convex  lent,  becauae 
both  aidei  are  convex ;  d  ia  a  doabU  concaee,  becauae  both  aidea 
ftre  concave ;  and  ■  ii  called  a  nt^nitnu,  b^g  convex  on  ona 
Mde,  and  concave  on  the  other;   of  thia  kind  are  all  watch 

J.  I  can  eanlj  conceive  diverging  ra;a,  or  ra^a  proceeding 
'  -   .     ..    -     1  -.  ■_  ,^  mjce  them  converge,  or  come  to 

;  now  aim,  &c.  represent  parallel 
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rays,  falling  upon  c  ^,  a  convex  surface,  of  glass,  for  instance, 
all  of  which,  except  the  middle  one,  fall  upon  it  obliquely,  and, 
according  to  what  we  saw  yesterday,  will  be  refracted  towards 
the  perpendicular. 

C  And  I  suppose  they  will  all  meet  in  a  certain  point  in  that 
middle  line. 

T.  That  point  c  is  called  the  focus :  the  dark  part  only  of  this 
figure  represents  the  glass,  as  c  J  ft. 

C  Have  you  drawn  the  circle  to  show  the  exact  curve  of  the 
different  lenses  ? 

T,  Yes :  and  you  see  that  parallel  rays  falling  upon  a  plano' 
Convex  lens  meet  at  a  point  behind  it,  the  distance  of  which,  from  ^ 
the  middle  of  the  glass,  is  exactly  equal  to  the  diameter  of  the 
sphere  of  which  the  lens  is  a  portion. 

J,  And  in  the  case  of  a  double  convex^ 
is  the  distance  of  the  focus  of  parallel 
rays  equal  only  to  the  radius  of  the 
sphere  r 

T.  It  18 ;  and  you  see  the  reason  of 
it  immediately ;  for  two  concave  surfaces 
have  double  the  effect  in  refracting  rays 
to  what  a  single  one  has :  the  latter  bring- 
ing  them  to  a  focus  at  the  distance  of 
the  diameter,  the  former  at  half  that  distance,  or  the  radius. 

C.  Sometimes,  perhaps,  the  two  sides  of  the  same  lens  may 
have  different  curves :  what  is  to  be  done  then  ? 

T,  If  you  know  the  radius  of  both  the  curves,  the  following 
rule  will  give  you  the  answer : 

^'  As  the  sum  of  the  radii  of  both  curves  or  convexities  is  to 
the  radius  of  either,  so  is  double  the  radius  of  the  other  to  the 
distance  of  the  focus  from  the  middle  point." 

J,  Then  if  one  radius  be  four  inches,  and  the  other  three 
inches,  I  say,  as  4  +  3  :  4  : :  6  :  V  =  ^^9  or  to  nearly  three 
inches  and  a  half. 

I  saw  an  old  sailor  lighting  his  pipe  yesterday  by  means  of  the 
8un*s  rays  and  a  glass :  was  that  a  double  convex  lens  ? 

T,  I  dare  say  it  was ;  and  you  now  see  the  reason  of  that 
which  then  you  could  not  comprehend  :  all  the  rays  of  the  sun 
that  fall  on  the  surface  of  the  glass  in  the  last  figure  are  col« 
lectod  in  the  point/  which,  in  this  case,  may  represent  the  to- 
bacco in  the  pipe. 

C  How  do  you  calculate  the  heat  which  is  collected  in  the 
focus  ? 

T.  The  force  of  the  heat  collected  in  the  focus  is  in  propor- 
tion to  the  common  heat  of  the  sun,  as  the  area  of  the  glass  is 
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to  the  area  of  tlie  focus :  of  coarse,  it  may  he  a  hundred  or  eren 
s  thousaiid  times  greater  in  the  one  case  tban  in  the  other. 

J.  Hare  I  not  heard  joa  saj  that  Mr.  Parker,  of  Fleet  Street, 
made  once  a  Terr  large  lens,  which  he  used  as  a  bumii^-g^bsB  ? 

7*.  He  formed  one  three  feet  in  diameter,  and  when  fixed  in 
its  frame,  it  exposed  a  clear  surface  of  more  than  two  feet  eight 
inches  in  diameter,  and  its  focos,  bj  means  of  another  lens,  was 
reduced  to  a  diameter  of  half  an  inch.  The  heat  produced  by 
this  was  so  great,  that  iron  plates  were  melted  in  a  few  seconds ; 
tiles  and  slates  became  red-hot  in  a  moment,  and  were  Titrified, 
or  changed  into  glass ;  sulphur,  pitch  and  other  resinous  bodies, 
were  melted  under  water :  wood  ashes,  and  those  of  other  rege* 
table  substances,  were  turned  in  a  moment  into  transparent  gltts. 

C.  Would  the  heat  produced  bj  it  melt  all  the  metals  ? 

T.  It  would :  even  gold  was  rendered  fluid  in  a  few  seconds ; 
notwithstanding,  however,  this  intense  heat  at  the  focus,  the 
finger  mi^ht,  without  the  smallest  injury,  be  placed  in  the  cone 
of  rays  within  on  inch  of  the  focus. 

J,  There  was,  however,  I  should  suppose,  some  risk  in  this 
experiment,  for  fear  of  bringing  the  finger  too  near  the  focus  ? 

T,  Mr.  Parker*8  curiosity  led  him  to  try  what  the  sensation 
would  be  at  the  focus ;  and  he  describes  it  like  that  produced 
by  a  sharp  lancet,  and  not  at  all  similar  to  the  pain  produced  by 
the  heat  of  fire  or  a  candle.  Substances  of  a  white  colour  were 
difficult  to  be  acted  upon. 

C.  I  suppose  he  could  cause  water  to  boil  in  a  very  short 
time  with  tne  lens  P 

T.  If  the  water  be  very  pure,  and  contiuned  in  a  dear  glass 
decanter,  it  will  not  be  warmed  by  the  most  powerfVil  lens.  But 
A  piece  of  wood  may  be  burned  to  a  coal,  wlien  it  is  contained 
in  a  decanter  of  water. 

J.  Will  not  the  heat  break  the  glass  f 
-  T,  It  will  scarcely  warm  it-;  if^  however,  a  ^ece  of  metal  be 
put  in  the  water,  and  the  point  of  rays  be  thrown  on  that,  it 
will  communicate  heat  to  the  water,  and  sometimes  make  it  boU. 
The  same  efiect  will  be  produced  if  there  be  some  ink  thrown 
into  the  water. 

If  a  cavity  be  made  in  a  piece  of  charcoal,  and  the  substance 
to  be  acted  on  be  put  in  it,  the  effect  produced  by  the  lens  wiH 
be  much  increased.  Any  metal  thus  inclosed  melts  in  a  moment, 
the  fire  sparkling  like  that  of  a  forge  to  which  the  blast  of  a 
t)ellows  is  a^^lied. 

C  Cannot  the  same  efiects  be  produced  by  a  concave  mirror  P 
'  jT.  Every  concave  mirror,  or  speculum,  whether  made  of  glass 
Drmctaly  collects  the  rays,  dispersed  throu^  the  wholeconcarity^ 
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after  reflection,  into  a  point  or  focus,  and  is  therefore  a  burning 
mirror. 

The  ancients  made  u^e  oF  doncave  mirrors  to  rekindle  the 
Vestal  fires.  Plutarch  says,  that  thej  employed  for  that  purpose 
aKa'i.tia  or  dishes.  They,  were,"  most  probably,  hollow  herald 
spherical  vessels,  finely  polished  within.  Such  vessels,  placed 
opposite  the  sun,  would  collect  its  ra^s  into  a  focus,  at  half  the 
radius ;  where  the  Vestal  virgins  holding  the  combustible  matter, 
for  a  short  time,  would  bring  it  away  burning. 


CONVERSATION  VL 

0/  Parallel  Rays —  Of  Diverging  and  Converging  Bays —  Of 

the  Focus  and  Focal  Distances. 

C,  I  have  been  looking  at  the  figures  6  and  8,  and  see  that 
the  rays  falling  upon  the  lenses  are  parallel  to  one  another ;  are 
the  sun's  rays  parallel  ? 

T.  They  are  considered  so ;  but  you  must  not  suppose  that 
all  the  rays  that  come  from  the  surface  of  an  object,  as  the  sun, 
or  any  other  body,  to  the  eye,  are  parallel  to  each  other,  but  it 
must  be  understood  of  those 
rays  only  which  proceed  from 
a  single  point.  Suppose  s  to 
be  the  sun,  the  rays  which 
proceed  from  a  single  point  a 
do  in  reality  form  a  cone,  the  ^'  ®' 

base  of  which  is  the  pupil  of  the  eye,  and  its  height  is  the  dis- 
tance from  us  to  the  sun. 

But  the  breadth  of  the  eye  is  nothing  when  compared  to  a  line 
ninety 'five  millions  of  miles  long. 

If  now  we  take  a  ray  from  the  point  .a,  and  another  from  c,  on 
opposite  points  of  the  sun*s  disc,  they  will  form  a  sensible  angle 
at  the  eye ;  and  it  is  from  this  angle  a  b  c  that  we  judge  of  the 
apparent  size  of  the  sun. 

J,  If  there  be  nothing  to  receive  the  rays  (Fig.  8.)  at/,  would 
they  cross  one  another  and  diverge  ? 

T.  Certainly,  in  the  same  manner  as  they  converge  in  coming 
to  it ;  and  if  another  glass,  f  o,  of  the  same  convexity  as  b  b,  be 
placed  in  Uie  rays  at  the  same  distance  from  the  focus,  it  will  so 
T^ract  them  that,  after  going  out  of  it,  they  will  be  parallel,  and 
40  proceed  on  in  the  same  manner  as  they  came  to  the  first  glass. 

C.  There  is,  however,  this  difference;  all  the  rays,  except  the 
middle  one,  have  changed  sides. 

T.  You  are  right ;  the  ray  b,  which  entered  at  bottom,  goes 
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out  at  the  top  h;  and  a,  which  entered  at  the  top,  goes  out  at  the 
bottom  c,  and  so  of  the  rest. 

If  a  candle  be  placed  at  /,  the  focus  of  the  convex  glass,  the 
diverging  ra^s  in  the  space  r/'o,  will  be  so  refracted  bj  the  glass 
that  aAer  goins  out  or  it,  the^  will  become  parallel  again. 
J,  What  will  be  the  effect  if  the  candle  be  nearer  to  the  glass 

than  the  point /*/ 

T,  In  that  case,  as  if  the  candle  be  at 
g,  the  rays  will  diverge  after  thej  have 
passed  through  the  glass,  and  th» diver- 
gency will  be  greater  or  less  in  propor- 
tion as  the  candle  is  more  or  less  distant 
from  the  focus. 

C,  If  the  candle  be  placed  farther 
from  the  lens  than  the  focus  y,  will  the 
rays  meet  in  a  point  after  thej  have 
passed  through  it  f 

T.  They  will : ,  thus,  if  the  candle  be 
placed  at  g,  the  rays,  after  passing  the 
lens,  will  meet  at  x;  and  tnis  pomt  x 
will  be  more  or  less  distant  from  the 
Fig.  11.  glass,  as  the  candle  is  nearer  to,  or  far- 

ther from  its  focus.    Where  the  rays  meet,  they  form  an  inverted 
image  of  the  flame  of  the  candle. 
J,  Why  so  ? 

T.  Because  that  is  the  point  where  the  rajs,  if  they  are  not 
stopped,  cross  each  other:  to  satisfy  you  on  this  head,  I  will  hold 
in  that  point  a  sheet  of  pf^r,  and  you  now  see  that  the  flame  of 
the  candle  is  inverted.  ^ 
J.  How  is  this  explained  ? 

T,  Let  ABC  represent  an  arrow  placed  beyond  the  focus  r,  of 
a  double  convex  lens  d  «/,  some  rays  will  flow  from  every  part 

of  the  arrow,  and  fall  on 
^  the  lens;  but  we  shall 
consider  only  those  which 
flow  from  the  points  ab 
and  c.  The  rays  which 
come  from  a,  as  a  c^  a  e, 
and  a/,  will  be  refracted 
by  the  lens,  and  meet  in 
A ;  those  which  come  from 
B,  as  B^  Be,  and  b/*,  will 
unite  in  b;  and  those 
which  come  from  c  will 
r*si2.  unite  in  c. 
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C  I  see  clearly  how  the  rays  from  b  are  refracted  and  unite 
in  h ;  but  it  is  not  so  evident  with  regard  to  those  from  the  ex- 
tremities A  and  c. 

T.  I  admit  it ;  but  you  must  remember  the  difficulty  consists 
in  this,  the  rays  fall  more  obliquely  on  the  glass  from  those  points 
than  from  the  middle,  and  therefore  the  refraction  is  very  dif- 
ferent. The  ray  b  r  in  the  centre  suffers  no  refraction,  b  d  is 
refracted  into  6,  and  if  another  ray  went  from  n,  as  n  d,  it  would 
be  refracted  to  n,  somewhere  between  b  and  a,  and  the  rays  from 
A  must,  for  the  same  reason,  be  refracted  to  a. 

J,  If  the  object  a  b  c  is  brought  nearer  to  the  glass,  will  the 
picture  be  removed  to  a  greater  distance  ? 

T.  It  will :  for  then  the  rays  will  fall  more  diverging  upon 
the  glass,  and  cannot  be  so  soon  collected  into  the  corresponding 
points  behind  it. 

.  C  From  what  you  have  said,  I  see  that  if  the  object  a  b  c  be 
placed  in  f,  the  rays,  after  refraction,  will  go  out  parallel  to  one 
another ;  and  if  brought  nearer  to  the  glass  than  f,  then  they 
will  diverge  from  one  another,  so  that  in  neither  case  will  an 
image  be  formed  behind  the  lens. 


CONVERSATION  VH. 

Images  of  Objects  inverted —  Of  the  Scioptric  Ball —  0/ Lenses 

and  their  Foci. 

J,  Will  the  image  of  a  candle,  when  received  through  a  con- 
vex lens,  be  inverted  ? 

.  jf.  It  will,  as  you.  shall  sed.  Here  is  no  light  in  this  room  but 
from  the  candle,  the  rays  of  which  pass  through  a  convex  lens, 
and,  by  holding  a  sheet  of  paper  in  a  proper  place,  you  will  see 
a  complete  inverted  image  of  the  candle  on  it. 

An  object  seen  through  a  very  small  aperture  appears  also 
inverted ;  but  it  is  very  imperfect  compared  to  an  image  formed 
with  a  lens  ;  it  \s  faint  for  want  of  light,  and  it  is  coitfused  be- 
cause the  rays  interfere  with  one  another. 

C  What  is  the  reason  of  its  being  inverted  ? 

T.  Because  the  rays  from  the  extreme  parts  of  the  olyect 
must  cross  at  the  hole.  If  you  look  through  a  very  small  hole 
at  any  object,  the  object  appears  ma^iified.  Make  a  pin-hole 
in  a  sheet  of  brown  paper,  and  look  through  it  at  the  small  print 
of  this  book. 

J.  It  is,  indeed,  very  much  magnified. 

T,  As  an  object  approaches  a  convex  lens,  its  image  departs 
from  it ;  and  as  the  object  recedes,  its  image  advances.    Make 
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h^  experiment  with  a  candle  and  a  lens,  properly  mounted,  in  a 
long  room.  When  you  stand  at  one  end  of  the  room,  and 
throw  the  image  on  the  opposite  wall,  the  image  is  large,  bal 
as  you  come  nearer  to  the  wall  the  image  is  small,  and  uie  dis* 
tance  between  the  candle  and  glass  is  very  much  increased. 

I  will  now  show  you  an  instrument  called  a  Sciopiric  3aH 
which  is  fastened  into  a  window-dhutter  of  a  room  from  whick 
all  light  is  excluded  except  what  comes  in  through  this  glass. 
C.  Of  what  does  this  instrument  consist  f 

T.  Of  a  frame  a  b  and  a  ball  of  wood  c,  in  which 
is  a  fflass  lens ;  and  the  ball  moves  easily  in  the  frame 
in  all  directions,  so  that  the  view  of  any  surrounding 
objects  may  be  recdved  through  it.  This  instrument 
is  sometimes  called  an  artificial  eye.  Well,  we  wfll 
now  place  the  screen  properly,  and  turn  the  ball  to 
the  garden.  Here  you  see  all  the  objects  perfectly 
expressed,  but  they  are  all  invited. 

C.  You  have  shown  us  in  what  manner  the  rays  c^ 
light  are  refracted  by  convex  lenses,  when  those  rays  are 
parallel.  Will  there  not  be  a  difference  if  the  rajs  eonoerge  or 
diverge  before  they  enter  the  lens  ? 

jf.  Certainly.  If  rays  converge  before  they  enter  a  convex 
lens,  they  will  be  collected  at  a  point  nenrer  to  the  lens  than  the 
focus  of  parallel  rays.  But  if  they  diverge  before  they  enter  the 
lens,  they  will  Uien  be  collected  m  a  point  beyond  the  focus  of 
parallel  rays.  —  There  are  concave  lenses  as  well  as  convex,  and 
the  refraction  which  takes  place  by  means  of  these  differs  from 
that  which  I  have  already  explained. 

C.  What  will  the  effect  of  refraction  be,  when  parallel  rayg 
fall  upon  a  double  concave  lens  ? 

T.  Suppose  the  paalld  rayg 
ahcd^  &c.,  pass  through  the  lens 
AB,  they  wQl  diverge  after  they 
have  passed  through  the  glass. 

J.  Is  there  any  rule  for  ascer* 
tainin^  the  d^ree  of  divergency  ? 

T,  Ye^  it  will  be  precisdy  so 
much  as  if  the  rays  had  come  firom 
a  radiant  point  x,  which  is  the  centre  of  the  cavity  of  the  glass* 
C  Is  that  point  called  the  focus  ? 
T.  It  is  called  the  virtual  «r  imagivary  focus. 
J.  Suppose  the  lens  had  been  concave  only  on  one  side,  and 
the  other  side  had  been  flat;    how  would  the   rays    have 
diverged  ? 
T,  They  would  have  diverged  after  passing  through  it,  as  If 
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they  had  come  from  a  radiant  point  at  the  dbtance  of  a  whole 
diameter  of  the  convexity  of  the  lens. 

C,  There  is,  then,  a  great  similarity  in  the  refraction  of  the 
convex  and  concave  lens. 

jT.  True;  the  ybct(«  of  a  double  convex  is  at  the  distance  of 
the  radius  of  convexity,  and  so  is  the  ifnaginary  focus  of  the 
double  concave ;  and  the  focus  of  the  plano-convex  is  at  the 
distance  of  the  diameter  of  the  convexity,  and  so  is  the  imagi' 
wary  ybctw  of  the  pkno-concave.   . 

You  will  find  that  images  formed  by  a  concave  lens,  or  those 
formed  by  a  convex  lens,  where  the  object  is  within  its  principal 
focus,  are  in  the  same  position  with  the  objects  they  represent ; 
they  are  also  imaginary,  for  the  refracted  rays  never  meet  &t  the 
foci  when  they  seem  to  diverge. 

But  the  images  of  objects  placed  beyond  the  focus  of  a  con- 
vex lens  are  mverted  and  real;  ier  the  refracted  rays  do 
meet  at  their  proper  foci. 

Do  not  forget  that  the  effect  of  convex  lenses  is  to  render 
the  rays  that  pass  through  them  convergent,  and  to  bring  them 
together  into  a  focus.  The  effect  of  concave  lenses  is  to  render 
the  rays  transmitted  through  them  more  divergent. 


CONVERSATION  VIIL 

Of  the  Nature  and  Advantages  of  Light.  —  Of  the  Separation  of 
the  Rays  of  Light  by  means  of  a  Prism.  —  And  of  Com- 
pounded Rays,  SfC, 

T.  We  cannot  contemplate  the  nature  of  light  without  being 
struck  with  the  ffreat  advantages  which  we  enjoy  from  it. 
Without  that  Idessmg  our  condition  would  be  truly  deplorable. 

"  How,^'  says  a  good  writer,  "  could  we  provide  ourselves 
with  food,  and  the  other  necessaries  of  life  r  How  could  we 
transact  the  least  business  ?  How  could  we  correspond  with 
each  other,  or  be  of  the  least  reciprocal  service,  without  light, 
and  those  admirable  organs  of  the  body,  which  the  Omnipotent 
Creator  has  adapted  to  the  perception  of  this  inestimable 
beneBt?" 

^  J,  But  you  have  told  us  that  the  light  would  be  of  compara- 
tively small  advantage  without  an  atmosphere. 

T.  The  atmosphere  not  onXj  refracts  tne  rays  of  light,  so  that 
we  enjoy  longer  days  than  we  should  without  it,  but  occasions 
that  twilight  which  is  so  beneficial  to  our  eyes  ;  for  without  it 
the  appearance  and  disappearance  of  the  sun  would  have  been 
instantaneous;  and  we  snould  have  experienced  a  sudden  tran- 
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sition  from  the  briffbtest  sunsbine  to  tbc  most  profound  dark- 
nessy  and  from  thick  darkness  to  a  blaze  of  light.  The  atmo- 
sphere reflects  also  the  light  in  every  direction ;  and  if  there 
were  no  atmosphere,  the  sun  would  benefit  those  onlj  who 
looked  towards  it,  while,  to  those  whose  backs  were  turned  to 
that  luminary,  all  would  be  darkness.  Ought  we  not  therefore 
gratefully  to  acknowledge  the  wisdom  and  goodness  of  the  Cre- 
ator, who  has  adapted  these  things  to  the  advantage  of  his 
creatures  P 

J.  I  saw  in  some  of  your  expernnents  that  the  rays  of  light, 
aOer  passing  through  the  glass,  were  tinged  with  difl^r^at 
colours ;  what  is  the  reason  of  this? 

T.  Formerly,  light  was  supposed  to  be  a  simple  and  uncom- 
pounded  body ;  Su*  Isaac  Newton,  however,  discovered  that  it 
was  not  a  simple  substance,  but  was  composed  of  several  parts, 
each  of  which  has,  in  fact,  a  different  degree  of  refrangibiEity. 

C.  How  is  that  shown  ? 

T.  Let  the  room  be  darkened,  and  let  there  be  only  a  very 
small  hole  in  the  shutter  to  admit  the  sun*s  rays :  instead  of  a 
lens  I  take  a  triangular  piece  of  glass,  called  k  prism;  now,  as 
in  this  there  is  nothing  to  bring  the  rays  to  a  foeus,  they  will, 
in  passing  through  it,  suffer  dinerent  degrees  of  refraction,  and 
be  separated  into  the  different  coloured  rays,  which,  bein^  re- 
ceived on  a  sheet  of  white  paper,  will  exhibit  the  seven  follow- 
ing colours,  redy  orange,  yellow,  green,  hluey  indigOy  and  violet 

J,  Here  are  all  the  colours  of  the  rainbow :  the  image  on  the 
paper  is  a  sort  of  oblong. 

jf.  That  oblong  image  is  usually  called  a  spectrum ;  and  if  it 
be  obtained  by  a  dint  glass  prism,  and  diviaed  into  360  equal 
parts,  the  red  will  occupy  56  of  them,  the  orange  27,  the  yeUow 
27,  the  green  46,  the  blue  48,  the  indigo  47,  and  the  violet  109. 

These  colours  depend  on  the  number  of  undulations  in  a  given 
time  or  a  given  space.  Sir  John  Herschel  has  detected  a  band 
of  light  beyond  the  violet ;  it  is  scarcely  luminous ;  he  calls  it 
the  lavender  band.  It  Is  almost  dark  light;  indeed,  some  philo- 
sophers have  recognised  the  existence  of  dark  light  beyond  the 
spectrum  by  its  action  on  chemical  bodies. 

C.  The  shade  of  difference  in  some  of  these  colours  seems 
very  small  indeed. 

T.  You  are  not  the  only  person  who  has  made  this  observa- 
tion :  some  experimental  philosophers  say  ther^  are  but  three 
original  and  truly  distinct  colours,  viz.  the  red^  yellow,  and  blue. 

C.  What  is  called  the  oirange  is  surely  only  a  mixture  of  the 
red  and  yellow,  between  which  it  is  situated. 

T»  In  like  manner  the  green  is  said  to  be  a  mixture  of  the 
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yellow  and  blue,  and  the  violet  is  but  a  fainter  tinge  of  tLe 
indigo. 

«/.  How  is  it  then  that  light,  which  consists  of  different  colours, 
is  usually  seen  as  white  ? 

T.  By  mixing  the  several  colours  in  due  proportion,  white 
may  be  produced. 

J,  Do  you  mean  to  say  that  a  mixture  of  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet,  in  any  proportion,  will  produce 
a  white  ? 

T,  If  you  divide  a  circular  surface  into  360  parts,  and  then 
paint  it  in  the  proportion  just  mentioned,  that  is,  56  of  the 
parts  red,  27  orange,  27  yellow,  &c ,  and  turn  it  round  with 
great  velocity,  the  whole  will  appear  of  a  dirty  white ;  and,  if 
the  colours  were  more  perfect,  tne  white  wopld  be  so  too. 

J.  Was  it  then  owing  to  the  separation  of  the  different  rays, 
that  I  saw  the  rainbow  colours  about  the  edges  of  the  image 
made  with  the  lens  ? 

2\  It  was  :  some  of  the  rays  were  scattered,  and  not  brought 
to  a  focus,  and  these  were  divided  in  the  course  of  refraction. 
And  I  may  tell  you  now,  though  I  shall  not  explain  it  at  present, 
that  the  rainbow  in  the  heavens  is  caused  by  the  separation  of 
the  rays  of  light  into  their  component  parts. 


CONVERSATION  IX. 
Of  Colours, 

C  After  what  you  said  yesterday,  I  am  at  a  loss  to  know 
the  cause  of  different  colours  :  the  cloth  on  this  table  is  green ; 
that  of  which  my  coat  is  made  is  blue :  what  makes  the  differ- 
ence in  these  ? 

jf.  All  colours  are  supposed  to  exist  only  in  the  light  of 
luminous  bodies,  such  as  the  sun,  a  candle,  &c.,  and  that  light 
falling  upon  different  bodies  is  separated  into  its  seven  primi- 
tive colours,  some  of  which  are  absorbed,  while  others  are 
reflected. 

J,  Is  it  from  the  reflected  rays  that  we  judge  of  the  colour 
of  objects  ? 

T.  It  has  generally  been  thought  so ;  thus  the  cloth  on  the 
table  absorbs  all  the  undulations  but  those  which  produce  green 
light,  which  it  reflects  to  the  eye ;  but  your  coat  is  of  a  different 
texture,  and  absorbs  all  but  tne  blue  rays. 

C  Why  is  paper  and  the  snow  white  ? 

T.  The  whiteness  of  paper  is  occasioned  by  its  reflecting  the 
greatest  part  of  all  the  light  that  falls  upon  it.    And  every 
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ilake  of  mow,  being  m  ajscmbUye'of  frozen  ^Imles  of  water 
ftickinp;  together,  reflects  and  refracts  the  light  that  falls  upon 
it  in  all  directions,  so  as  to  mix  it  verj  intimately,  and  prodoce 
a  white  image  on  the  eje. 

J,  Does  &e  whiteness  of  the  san*s  light  arise  firom  a  mixture 
of  all  the  j>riroarj  colours  ? 

T.  it  does,  as  maj  be  easilj  proved  bj  an  experiment ;  for 
if  anj  of  the  seren  colours  be  intercepted  at  the  lens,  the 
ima^rc  in  a  great  measure  loses  its  whiteness.  With  the  prism 
I  will  divide  the  ray  into  its  seren  colours* ;  I  will  then  take  a 
convex  lens,  in  order  to  reonite  them  into  a  single  raj,  which 
will  exhibit  a  round  image  of  shining  white ;  but  if  onlj  five  or 
six  of  these  rajs  be  taken  with  the  lens,  it  will  produce  a  duskj 
white. 

J,  The  diamond,  I  know,  owes  its  brilliancj  to  the  power  of 
reflecting  almost  all  the  rajs  of  light  that  fall  on  it :  but  are 
vegetable  and  animal  tribes  equallj  indebted  to  it? 

jT.  What  does  the  gardener  do  to  make  his  endive  and  let- 
tuces white  ? 

C  He  ties  them  up. 

7\  lliat  is,  he  shuts  out  the  light,  and  bj  these  means  thej 
become  blanched.  I  could  produce  jou  a  thousand  instances 
to  fthow,  not  onlj  that  the  colour,  but  even  the  existence  of 
vegetables,  depends  upon  light.  Close  wooded  trees  have  leaves 
on  the  outside  onlj ;  such  is  the  cedar  in  the  garden.  Look 
up  the  inside  of  a  yew  tree,  and  you  will  see  that  the  inner 
branches  are  almost,  or  altogether,  barren  of  leaves.  Gera- 
niums and  other  greenhouse  plants  turn  their  flowers  to  the 
light ;  and  plants  in  general,  if^ doomed  to  darkness,  soon  sicken 
and  die. 

J,  There  are  some  flowers,  the  petals  of  which  are,  in  dif- 
ferent parts,  of  different  colours ;  how  do  jou  account  for  this  V 

T'  The  flower  of  the  heart*s-ease  is  of  this  kind;  and,  if 
examined  with  a  good  microscope,  it  will  be  found  thai  the 
texture  of  the  blue  and  jellow  parts  is  verj  different.  The 
texture  of  the  leaves  of  the  white  and  red  rose  is  also  different. 
Clouds  also,  which  are  so  various  in  their  colours,  .are  un- 
doubtedly more  or  less  dense,  as  well  as  being  differentlj  placed 
with  regard  to  the  eye  of  the  spectator;  but  they  fdl  depend  on 
the  light  of  the  sun  for  their  beautv. 

C.  Are  we  to  understand  that  all  colours  depend  on  the  re- 
flection of  the  several  coloured  rays  of  light? 

2\  This  seems  to  have  been  the  opinion  of  Sir  Isaac  Newton  • 

•  A  fl^iw  will  b«  given  on  thU  robject,  with  •xpUnaUon*,  Conversation  XVHL,  on 
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but  he  concluded,  from  yarious  experiments  on  this  subject,^ 
that  every  substance  in  nature,  provided  it  be  reduced  to  a 
proper  degree  of  thinness,  is  transparent.  Many  transparent 
media  reflect  one  colour  and  transmit  another :  gold-leaf  reflects 
the  yellow,  but  it  transmits  a  sort  of  green  colour  by  holding  it 
up  against  a  strong  light. 

When  rays  passing  through  a  narrow  slit  are  examined  by  a 
prism,  the  spectrum  is  traversed  by  numerous  dark  lines :  each 
star,  the  sun,  the  planets,  and  artificial  lights  have  their  own 
systems  of  dark  lines :  it  is  supposed  that  some  of  the  undula-^ 
tions  are  lost  or  checked.  They  are  often  called  Fraunhofer's 
bands,  from  a  philosopher  who  has  greatly  studied  them. 

J.  Two  interfering  waves  of  water  produce  stillness :  you 
have  shown  us  that  two  interfering  waves  of  sound  produce 
silence  :  do  two  interfering  undulations  of  light  produce  dark-' 
ness  f 

T,  Yes ;  and  this  may  readily  be  shown.  If  two  pieces  of 
glass  from  the  same  plate  are  inclined  on  each  other,  and  illu- 
minated with  a  monochromatic  or  one-coloured  light,  there 
will  be  a  series  of  alternate  dark  and  one-coloured  bands  ;  the 
dark  arise  from  the  interference  of  two  waves.  If  a  pin  or 
any  small  body  is  made  to  intercept  rays  in  a  dark  box,  it  will 
be  fringed  with  colours ;  in  this  case  the  undulations  passing  on 
one  side  of  the  pin,  interfere  with  those  on  the  other,  and  pro- 
duce the  spectral  colours.  Immediately  under  the  pin  is  a  dot 
of  white  light ;  for  the  undulations  on  each  side  here  combine. 
If  a  disc  having  a  small  hole  be  placed  in  the  path,  the  undu- 
lations interfere  in  such  a  manner  as  to  produce  a  dark  spot 
under  the  hole ;  in  the  one  case  darkness  is  changed  to  light, 
and  in  the  other  light  to  darkness.  The  colours  of  soap- 
bubbles  depend  on  the  same ;  the  undulations  from  the  one 
surface  interfere  with  those  from  the  other,  and  the  retardation 
produced  gives  rise  to  the  varieties  of  colours.  The  best  mode 
of  making  a  soap-bubble  is  to  take  a  6-ounce  phial,  one-third 
filled  with  water,  and  containing  a  piece  of  soap  the  size  of  a  pen, 
place  it  in  a  vessel  of  hot  water  till  it  boils,  and  then  suddenly 
cork  it ;  remove  it,  and  seal  it.  By  this  means  most  of  the 
air  is  removed,  and  a  gentle  shake  will  produce  a  film  that  will 
remain  for  hours.  If  a  lens  is  pressed  on  a  plate  of  glass,  a 
series  of  circular  coloured  rings.  Known  as  Newton's  rings,  will 
be  seen  :  they  are  due  to  the  same  law  of  interference.  Both 
these  and  the  colour  of  soap-bubbles  are  one  colour  when 
looked  at^  and  its  complementary  when  looked  through.  The 
centre  is  hlack  when  looked  at,  and  white  when  looked  through. 
The  thickness  of  the  film  of  air  to  produce  black  when  looked 
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at  is  half  a  millionth  of  an  inch ;  of  the  film  of  water  in  the 
soap-bubble,  one-fifth  of  a  millionth. 

C.  I  observe  that  there  are  seycral  sets  of  colours  in  this 
soap-film ;  somewhat  like  so  many  rainbows  following  each  other, 
and  each  different. 

T.  By  observing  these  colours,  and  referring  to  tables  cal- 
culated by  Sir  Isaac  Newton,  you  will  obtain  the  thicknesses  of 
the  film  at  each  part.  For  instance,  the  red  that  b  nearest  the 
black  is  nine  millionths  of  an  inch  thick.  The  next  red  is 
eighteen  and  a  third;  the  next  thirty -two;  the  nexty  forty  and  a 
third;  the  nexUfi/ty-two  and  a  ha ff;  and  the  next,  sixty -^ve; 
and  they  aU  diner  a  little  from  each  other. 

You  would  find  similar  differences  by  foUowing  a  set  of  any 
other  colour. 

The  tints  of  mother  of  pearl  are  due  to  similar  causes. 


CONVERSATION  X. 
Reflected  Lights  and  Plane  Mirrors. 

T.  We  now  propose  to  speak  of  a  different  species  of  glasses, 
viz.  of  mirrors^  or,  as  they  are  sometimes  called,  specula. 

J.  A  looking-glass  is  a  mirror,  is  it  not  ? 

T,  Mirrors  are  made  of  glass  silvered  on  one  side ;  they  are 
also  made  of  highly  polished  metal.  There  are  three  kinds  of 
mirrors,  the  plane,  the  convex,  and  the  concave. 

C.  You  have  shown  us  that  in  a  looking-glass,  or  plane 
mirror,  **  the  angle  of  reflection  is  always  equal  to  the  angle  of 
incidence.*'  * 

T,  This  rule  is  not  only  applicable  to  plane  mirrors,  but  to 
those  which  are  convex  and  concave  also,  as  I  shall  show  you 
to-morrow.  But  I  wish  to  make  some  observations  first  on 
plane  mirrors.  In  the  first  place,  if  you  wish  to  see  the  com- 
plete image  of  yourself  in  a  plane  mirror  or  looking-glass,  it 
must  be  half  as  long  as  you  are  high. 

J.  I  should  have  imagined  the  glass  must  have  been  as  long 
as  I  am  high. 

T.  In  looking  at  your  image  in  the  glass,  does  it  not  seem  to 
be  as  far  behind  the  glass  as  you  stand  before  it  ? 

J.  Yes ;  and  if  I  move  forwards  or  backwards^  the  image 
behind  the  glass  seems  to  approach  or  recede. 

T.  Let  a^  be  the  looking-glass,  and  a  the  spectator,  standing 
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opposite  to  it.    The 

ray  from  his  eye  will 

be    reflected   in    the 

same  line  a  a,  but  the 

ray  c  b  flowing  from 

his  foot,  in  order  to 

be   seen   at  the   eye, 

must  be  reflected  by  Fig.  is. 

the  line  b  a. 

C.  So  it  will ;  for  if  a:  &  be  a  line  perpendicular  to  the  glass, 
the  incident  angle  will  he  c  b  x^  equal  to  the  reflected  angle 

Ab  X, 

T.  And  therefore  the  foot  will  appear  behind  the  glass  at  d 
along  the  line  a  &  d,  because  that  is  the  line  in  which  the  ray 
last  approaches  the  eye. 

J,  Is  that  part  of  the  glass  a  b  intercepted  by  the  lines  a  b 
aad  A  D  equal  exactly  to  half  the  length  b  d  or  a  c  ? 

T.  It  is  :  Aab  and  a  b  d  may  be  supposed  to  form  two  tri- 
angles, the  sides  of  which  always  bear  a  fixed  proportion  to  one 
another ;  and,  if  a  b  is  double  a  a,  as  in  this  case  it  is,  b  d  will 
be  double  a  b,  or  at  least  of  that  part  of  the  glass  intercepted 
by  A  B  and  a  d. 

J.  If  I  look  at  the  reflection  of  a  candle  in  a  looking-glass,  I 
see  in  fact  two  images,  one  much  fainter  than  the  other  :  what 
is  the  reason  of  this  ? 

T,  The  reason  of  the  double  image  is,  that  a  part  of  the  rays 
are  immediateiy  reflected  from  the  upper  surface  of  the  glass, 
which  form  the  faint  image,  while  the  greater  part  of  them  are 
reflected  from  the  farther  surface,  or  silvering  part,  and  form 
the  vivid  image.  To  see  these  two  Images  you  must  stand  a 
little  sideways,  and  not  directly  before  the  glass. 

C  What  is  meant  by  the  expression  of  "an  image  being 
formed  behind  a  reflector  ?  ** 

T.  It  is  intended  to  denote  that  the  reflected  rays  come  to 
the  eye  with  the  same  inclination  as  if  the  object  itself  were 
actually  behind  the  reflector.  If  you,  standing  on  one  side  of 
the  room,  see  the  image  of  your  brother,  who  is  on  the  other 
side,  in  the  looking-glass,  the  image  seems  to  be  formed  behind 
the  glass ;  that  is,  the  rays  come  to  your  eye  precisely  in  the 
same  way  as  they  would  if  your  brother  himself  stood  in  that 
place  without  the  intervention  of  a  glass. 

J.  But  the  image  in  the  glass  is  not  so  bright  or  vivid  as  the 
object. 

T.  A  plane  mirror  is  in  theory  supposed  to  reflect  all  the 
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light  which  fu\U  upon  it,  but  in  practice  nearly  half  the  light  it 
lost,  on  account  ot  the  inaccuracy  of  the  polisn,  &c. 

C,  IlaM  it  not  been  naid  that  Archimedes,  at  the  siege  of 
Syracuse,  burned  the  ships  of  Marcellus  by  a  machine  com[x>sed 
01  mirrors?* 

T,  YcM :  but  we  have  no  certain  accounts  that  may  be  im- 
plicitly relied  on.  M.  BufTon,  aboui  eighty  or  ninety  years  ago, 
Dumcd  a  plank  at  the  distance  of  seventy  feet,  with  forty  plane 
mirrors. 

J.  I  do  not  see  how  they  can  act  as  burning-glasses. 

T,  A  plane  mirror  reflects  the  light  and  heat  coming  from 
the  sun,  and  will  illuminate  and  heat  any  substance  on  which 
they  nre  thrown,  in  the  same  manner  as  if  the  sun  shone  upon 
It.  Two  mirrors  will  reflect  on  it  a  doable  quantity  of  beat ; 
and  if  40  or  100  mirrors  coiiM  be  so  placed  as  to  reflect  from 
ench  the  heat  coining  from  the  sun  on  any  particular  substinee, 
ihey  would  increase  the  heat  40  or  100  times.  In  some  such 
way  as  this,  probably,  Archimedes*  mirrors  were  dispojted.  It 
is  generally  imagined  that  they  were  jAeu'cd  so  as  to  full  in  the 
interior  surfm^e  of  a  paraboloid;  but  M.  Feyrard,  in  his  edition 
of  the  works  of  Arcliimedes,  proves  that  this  could  not  well  be 
the  case. 


CONVKRSATION  XI. 

0/  Concave  Mirrors —  Their  Uses — How  they  act, 

J»  To  what  uses  are  concave  mirrors  applied  ? 

T,  Tliey  are  chiefly  used  in  reflecting  tele- 
scopes. A  B  represents  a  concave  mirror, 
ana  a  b,  c  d,  ef,  three  parallel  rays  of  light 
falling  upon  it.  c  is  the  centre  of  concavity ; 
that  is,  one  leg  of  your  compasses  being 

f)laccd  on  c,  and  then  opening  them  to  the 
ength  c  £?,  the  other  leg  will  touch  the  mir« 
ror  A  B  in  all  its  parts. 
*'•»•  ^^'  J,  Then  all  the  lines  drawn  from  c  to  the 

glass  will  be  eniial  to  one  another,  as  c  6,  c  e/,  and  off 

T.  They  will ;  and  there  is  another  property  belonging  to 
them  ;  they  are  all  perpendicular  to  the  glass  in  the  parts  where 
they  touch. 

c  d  IS  an  incident  ray,  but  as  it  passes  through  the  centre  of 
concavity,  it  will  be  reflected  back  in  the  same  line ;  a  &  is  an 
incident  ray,  and  I  want  to  know  what  will  be  the  direction  gf 
the  reflected  ray  f 
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C  Since  c  &  is  pei*pendicular  to  the  glass  at  ft,  the  angle  of 
incidence  is  a  6  c ;  and  as  the  angle  of  reflection  is  always 
equal  to  the  angle  of  incidence,  I  must  take  another  angle,  as 
c  b  m,  equal  to  a  b  c,  and  then  the  line  b  m  is  that  in  which  tho 
incident  ray  will  move  after  reflection. 

T.  Can  you,  James,  tell  me  how  to  find  the  line  in  which 
the  incident  ray  c/ will  move  after  reflection  ? 

J,  Yes :  I  will  make  the  angle  cfm  equal  to  cfe^  and  the 
line/m  wiU  be  that  in  which  tbe  reflected  ray  will  move;  and 
I  perceive  that  c/is  reflected  to  the  same  point  m  as  a  6  was.  i 

T,  If,  instead  of  two  incident  rays,  any  number  were  drawn 
parallel  to  c  c?,  they  would  every  one  be  reflected  to  the  same 
point  m,  provided  the  distance  bf\%  not  too  large;  and  that 
point  which  is  called  the  focm  of  parallel  rays  is  distant  from 
the  mirror  equal  to  half  the  radius  c  d, 

J,  Then  we  may  easily  find  the  point  without  tbe  trouble  of 
drawing  the  angles,  merely  by  dividing  the  radius  of  concavity 
into  two  equal  parts. 

T.  You  may.  The  rays,  as  we  have  already  observed, 
which  proceed  from  any  point  of  a  celestial  object,  may  be  es- 
teemed parallel  at  the  earth,  and  therefore  the  image  of  that 
point  will  be  formed  at  m. 

C  Do  you  mean  that  all  the  rays  flowing  from  a  point  of  a 
star,  and  falling  upon  such  a  mirror,  will  be  reflected  to  the 
point  m,  where  the  image  of  the  star  will  appear  ? 

T,  I  do,  if  there  be  anything  at  that  point  m  to  receive  the 
image. 

J.  Will  not  the  same  rule  hold  with  regard  to  terrestrial 
objects  ? 

T.  No :  for  the  rays,  which  proceed  from  any  terrestrial  ob- 
ject, however  remote,  cannot  be  esteemed  strictly  parallel ; 
they,  therefore,  come  diverging^  and  will  not  converge  to  a 
single  pointy  at  the  distance  of  half  the  radius  of  the  mirror*9 
concavity  from  the  reflecting  surface,  but  in  separate  points^  at 
a  little  greater  distance  from  the  mirror  than  half  the  radius. 

C  Can  you  explain  this  by  a 
figure  ? 

T,  I  will  endeavour  to  do  so. 
Let  A  B  be  a  concave  mirror, 
and  M  B  any  remote  object,  from 
every  part  of  which  rays  will 
proceed  to  every  point  of  the 
wiiTor,  that  is,  from  the  pojnt  M 
rays  will  flow  to  every  point  of 
the  mirror,  ftn4    8Q  they  will  rig,  17, 
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firom  B,  and  from  every  point  between  these  extremities.  Let 
us  see  where  the  rays  that  proceed  from  m  to  a,  c,  and  b,  will 
be  reflected,  or,  in  other  words,  where  the  image  of  the  point  m 
will  be  formed. 

J,  AVill  all  the  rays  that  proceed  from  m  to  different  parts  of 
thefflass  be  reflected  to  a  single  point  ? 

T,  Yes,  they  will,  and  the  difficulty  is  to  find  that  point.  I 
will  take  only  three  rays,  to  prevent  confusion,  viz.,  m  a,  m  c, 
M  B ;  and  c  is  the  centre  of  concavity  of  the  gla^. 

C  Then  if  I  draw  c  a,  that  line  will  be  perpendicular  to  the 
glass  at  the  point  a  ;  the  angle  m  a  c  is  now  given,  and  it  is  the 
angle  of  incidence. 

J.  And  you  must  nuike  another  equal  to  it,  as  you  did  before. 

T.  Very  well.  Make  cat,  equal  to  m  a  c,  and  extenid  the 
line  A  X  to  any  length  you  please. 

Now  you  have  an  angle  m  c  c  made  with  the  ray  m  c,  and  the 
perpendicular  b  c,  which  is  another  angle  of  incidence. 

C.  I  will  make  the  angle  of  reflection  qcz  equal  to  it,  and 
the  line  ez  being  produced,  cuts  the  line  ax  in  a  particular 
point,  which  I  will  call  m. 

T,  Draw  now  the  perpendicular  c  b,  and  you  have,  with  it 
and  the  ray  m  b,  the  angle  of  incidence  m  b  c.  Make  another 
an^le  equiu  to  it,  as  its  angle  of  reflection. 

J,  There  it  is,  c  b  v,  and  I  find  the  line  b  u  meets  the  other 
lines  at  the  point  m. 

T.  Then  m  is  the  point  in  which  all  the  reflected  rays  of  m 
will  converge  ;  of  course,  the  image  of  the  extremity  m  of  the 
arrow  e  m  will  be  formed  at  m.  Now  the  same  might  be 
shown  of  every  other  part  of  the  object  m  e,  the  image  of  which 
will  be  represented  by  e  m,  which  you  see  is  at  a  greater  dis- 
tance from  the  glass  than  half  c  c,  or  radius. 

C  The  image  is  inverted  also,  and  less  than  the  object ;  and 
this,  I  conclude,  will  always  be  the  case  in  similar  circum- 
stances. 


CONVERSATION  Xn. 

On  Concave  Mirrors  and  Experiments  on  them. 

T,  If  you  understand  what  we  conversed  on  yesterday,  and 
what  you  have  yourselves  done,  you  will  easily  see  how  the 
image  is  formed  by  the  large  concave  mirror  of  the  reflecting 
telescope,  when  we  come  to  examine  the  construction  of  that 
instrument.  In  a  concave  mirror,  the  image  is  less  than  the 
object,  when  the  object  is  more  remote  from  the  mirror  than  c, 
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the  centre  of  concavity ;  and  in  that  case,  the  image  is  between 
the  oWect  and  mirror. 

t7.  Suppose  the  object  be  placed  in  the  centre  c  ? 

T,  Then  the  image  and  object  will  coincide ;  and  if  the 
object  is  placed  nearer  to  the  glass  than  the  centre  c,  then  the 
image  will  be  more  remote  and  bigger  than  the  object. 

C,  I  should  like  to  see  this  illustrated  bj  an  experiment. 

T,  Well,  here  is  a  large  concave  mirror.  Place  yourself 
before  it,  beyond  the  centre  of  the  concavity ;  and,  with  a  little 
care  in  adjusting  your  position,  you  will  see  an  inverted  image 
of  yourself  in  the  air  between  you  and  the  mirror,  and  of  a  less 
size  than  you  are.  When  you  see  the  image,  extend  your  hand 
gently  towards  the  glass,  and  the  hand  of  the  image  will  advance 
to  meet  it,  till  they  both  meet  in  the  centre  of  the  glass's  con- 
cavity. If  you  carry  your  hand  still  farther,  the  hand  of  the 
image  will  pass  by  it,  and  come  between  it  and  the  body.  Now 
move  your  hand  to  either  side,  and  the  image  of  it  will  move 
towards  the  other. 

J.  Is  there  any  rule  for  finding  the  distance  at  which  the 
image  of  an  object  is  formed  from  the  mirror  ? 

jf.  If  you  know  the  radius  of  the  mirror's  concavity,  and  also 
the  distance  of  the  object  from  the  glass. 

"  Multiply  the  distance  and  radius  together,  and  divide  the 
product  by  double  the  distance  less  by  the  radius,  and  the  quo- 
tient is  the  distance  required." 

Tell  me  at  what  distance  the  image  of  an  object  will  be, 
suppose  the  radius  of  the  concavity  of  the  mirror  be  12  inches, 
and  the  object  be  at  18  inches  from  it. 

J,  I  multiply  18  by  12,  which  gives  216;  this  I  divide  by 
double  18,  or  36,  less  by  12,  that  is  24 :  but  216  divided  by  24 
gives  9,  which  is  the  number  of  inchl^s  required. 

T,  You  may  vary  this  example,  in  order  to  impress  the  rule 
on  your  memory ;  and  I  will  show  you  another  experiment.  I 
take  this  bottle  partly  full  of  water,  and  corked,  and  place  it 
opposite  the  concave  mirror,  and  beyond  the  focus,  that  it  may 
appear  to  be  reversed :  now  stand  a  little  farther  distant  than 
the  bottle,  and  vou  will  see  the  bottle  inverted  in  the  air,  and 
the  water,  whicn  is  in  the  lower  part  of  the  bottle,  will  appear 
to  be  in  the  upper.  I  will  invert  the  bottle,  and  uncork  it,  and, 
whilst  the  water  is  running  out,  the  image  will  appear  to  be 
filling ;  but  when  the  bottle  is  empty,  the  illusion  is  at  an  end. 

C  Concave  mirrors  are,  I  believe,  sometimes  used  as  burning- 
glasses. 

T.  Since,  as  we  have  seen,  it  is  the  property  of  these  mirrors 
to  cause  parallel  rays  to  converge  to  a  focus,  and  since  the  rays 
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<^  the  sun  are  considered  as  parallel,  thej  are  yerj  useful  as 
burning-glasses,  and  the  principal  focus  is  the  burning  point. 

«/.  Is  the  image  formed  by  a  concave  mirror  alwajs  before  it  ? 

T,  In  all  cases,  except  when  the  object  is  nearer  to  the  mirror 
than  the  principal  focus. 

C  Is  the  image  then  behind  the  mirror  ? 

T.  It  is ;  and  farther  behind  the  mirror  than  the  object  is 

before  it.     Let  a  c  be  a  mirror,  and  x  z 

€i^.  the  object  between  the  centre  k  of  the 
\-'^^/^  \  glass  and  the  glass  itself;  and  the  image 
.--ytf  Ml  -jTK  ^  y  ^  will  be  behind  the  glass,  erect, 
tC*';-!^^  i  curye<l,  and  magnified,  and,  of  course, 
^c^       *^®  image  is  farther  behind  the  glass 

^  than  the  object  is  before  it. 

*■*«•**•  J.  What  would  be  the  effect  if,  instead 

of  an  opaque  object  x  2,  a  luminous  one,  as  a  candle,  were  placed 
in  the  focus  of  a  concave  mirror  ? 

T.  It  would  strongly  illuminate  a  space  of  the  same  dimension 
as  the  mirror  to  a  great  distance ;  and  if  the  candle  were  still 
nearer  the  mirror  than  the  focus,  its  rajs  would  enlighten  a  larger 
space.  Hence  you  may  understand  the  construction  of  many 
of  the  Limps  which  might  be  seen  in  many  parts  of  London,  be- 
fore gas  was  introduced,  and  which  were  undoubtedly  a  great  im- 
provement in  lighting  the  streets.  Similar  principles  are  often 
employed  in  the  construction  of  reflectors  for  lighthouses. 


CONYERSATION  XIIL 
Of  Concaoe  and  Convex  Mirrors. 

T.  AVe  shall  devote  another  morning  or  two  to  the  subject  of 
reflection  from  mirrors  of  different  kinds. 

C.  You  have  not  said  anything  about  convex  mirrors. 

T,  The  images  reflected  from  these  are  smaller  than  the 
objects,  erect,  and  behind  the  surface ;  therefore  a  landscape  or 
a  busy  scene  delineated  on  one  of  them,  is  always  a  beautiful 
object  to  the  eye.  You  may  easily  conceive  how  the  convex 
mirror  diminishes  objects,  or  the  images  of  objects,  by  consider- 
ing in  what  manner  they  are  magnified  by  the  concave  mirror. 
1{  X  y  z,  in  the  last  diagram,  were  an  object  before  a  convex 
mirror  a  c,  the  image  by  reflection  would  he  xz. 

J.  AVould  it  not  appear  curved  ? 

y.  Certainly :  for  if  the  object  be  a  right  line,  or  a  plane  sur- 
face, its  image  must  be  curved,  because  the  different  points  of 
the  object  ar^  not  e(|uall^  distant  from  the  reflector.    In  fact| 
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the  images  formed  by  convex  mirrors,  if  accurately  compared 
with  the  objects,  are  never  exactly  of  the  same  shape. 

C  I  do  not  quite  comprehend  in  what  manner  reflection  takes 
place  at  a  convex  mirror. 

T,  I  will  endeavour,  by  a  figure, 
to  make  it  plain  :  c  d  represents  a 
convex  mirror  standing  at  the  end 
of  the  room,  before  which  the  ar- 
row A  B  is  placed  on  one  side,  or  ^^^h  %.  '"^P 
obliquely:  where  must  the  spec- 
tator stand  to  see  the  reflected 
image  ?  ^*«- 1®* 

C  On  the  other  side  of  the  room. 

T,  The  eye  e  will  represent  that  situation :  the  rays  from  the 
external  parts  of  the  arrow,  a  and  b,  flow  convergingly  along 
A  a  and  b  ft,  and  if  no  glass  were  in  the  way,  they  would  meet 
at  p ;  but  the  glass  reflects  the  ray  A  a  along  a  b,  and  the  ray 
B  h  along  h  e  ;  and,  as  we  always  transfer  the  image  of  an  object 
in  that  direction  in  which  the  rays  approach  the  eye,  we  see  the 
image  of  a  along  the  line  Ea,  behind  the  glass,  and  the  image 
of  B  along  E  J,  and,  of  course,  the  image  of  the  whole  arrow  is  at  8. 

By  means  of  a  similar  diagram,  I  will  show  you  more  clearly 
the  principle  of  the  concave 
mirror.  Suppose  an  object 
c  to  be  beyond  the  focus  r, 
and  the  spectator  to  stand 
at  z,  the  rays  c  b  and  c  d 
are  reflected,  and  where 
they  meet  in  e  the  spec- 
tator will  see  the  image.  ^^  ^* 

J,  That  is  between  himself  and  the  object. 

T,  He  must,  however,  be  far  enough  from  it  to  receive  the 
rays  after  they  have  diverged  from  e,  because  every  enlightened 
point  of  an  object  becomes  visible  only  by  means  of  a  cone  of 
diverging  rays  from  it,  and  we  cease  to  see  it  if  the  rays  become 
parallel  or  converging. 

C.  Is  the  image  inverted  ? 

T.  Certainly;  because  the  rays  have  crossed  before  they 
reach  the  eye. 

You  may  see  this  object  in  another  point  of  view :  let  or  y  be 
a  concave  mirror,  and  o  the  centre  of  concavity :  divide  o  a 
equally  in  f,  and  take  the  half,  the  third,  and  the  fourth,  &c.  of 
F  o,  and  mark  these  divisions,  ^,  ^,  j^y  &c.  Let  a  o  be  extended, 
and  parts  be  taken  in  it  equal  to  f  o,  at  2,  3,  4,  &c.  Now  if 
any  of  the  points  1,  2,  3,  4,  &c.  be  the  focus  of  incident  rays, 
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the  correspondent  point  1)  i,  ^  ji  &c.  in  o  f  will  be  the  focus 
of  the  reflected  rays,  and  vice  versa. 

J,  Do  you  mean  by  that,  if  incident  rays  be  at  ^,  or  -^  or  j, 
the  reflected  rays  will  be  at  2,  3,  4  ? 


? 
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Fig.  21. 

T,  I  do  :  place  a  candle  at  2,  and  an  inverted  image  will  be 
seen  at  ^  :  now  place  it  at  4,  and  it  will  also  move  back  to  ^ : 
these  images  may  be  taken  on  paper  held  in  those  respective 
places. 

C,  I  see  the  farther  you  proceed  one  way  with  the  candle, 
the  nearer  its  inverted  image  comes  to  the  point  f. 

T.  True ;  and  it  never  gets  beyond  it,  for  that  is  the  focus 
of  parallel  rays  after  reflection,  or  of  rays  that  come  from  an  in- 
finite distance. 

«/.  Suppose  the  candle  were  at  o  ? 

T,  Then  the  object  and  image  will  coincide :  and  as  the  image 
of  an  object  between  f  and  a  concave  speculum  is  on  the  other 
side  of  the  speculum,  this  experiment  of  the  candle  and  paper 
cannot  be  made. 

I  will  now  just  mention  an  experiment  that  we  may  hereafter 
make :  at  one  end  of  an  oblong  box,  about  two  feet  long  and 
fifteen  inches  wide,  is  to  be  placed  a  concave  mirror ;  near  the 
upper  part  of  the  opposite  end  a  hole  is  made,  and  about  the 
middle  of  the  box  is  placed  a  hollow  frame  of  pasteboard  that 
confines  the  view  of  the  mirror.  The  top  of  the  box,  next  the 
end  in  which  the  hole  is  made,  is  covered  with  a  glass,  but  the 
other  half  is  darkened.  Uixder  the  whole  are  placed,  in  succes- 
sion, diflerent  pictures,  properly  painted,  whicn  are  thrown  into 
perspective  by  the  mirror,  and  produce  a  beautiful  appearance. 


CONVERSATION  XIV. 

Of  Convex  Reflection  —  Of  Optical  Delusions  —  Oj 

Anamorphoses. 

C,  You  cannot, -I  see,  make  the  same  experiment  with  the 
candle  and  a  convex  mirror,  that  you  made  yesterday  with  ths 
eoac&re  one. 
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T,  Certainly  not,  because  the  image  is  formed  behind  the 
glass  ;  but  it  may,  perhaps,  be  worth  our  while  to  consider  how 
the  effect  is  produced  in  a  mirror  of  this  kind.     Let  a  h  repre- 
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Fig.  22. 


sent  a  convex  mirror,  and  a  /he  half  the  radius  of  convexity, 
and  take  a  f,  f  o,  o  b,  &c.  each  equal  a/.  If  incident  rays  flow 
from  2,  the  reflected  rays  will  appear  to  come  from  behind  the 
glass  at  j. 

«/.  Do  you  mean,  if  a  candle  be  placed  at  2,  the  image  of  it 
will  appear  to  be  formed  at  ^  behind  the  glass  ? 

T.  I  do  :  and  if  that  or  any  other  object  be  carried  to  3,  4, 
&c.,  the  image  will  also  go  backward  to  -J^,  ^,  &c. 

C.  Then,  as  a  person  walks  towards  a  convex  spherical  re- 
flector, the  image  appears  to  walk  towards  him,  constantly  in- 
creasing in  magnitude,  till  they  touch  each  other  at  the  surface. 

T.  i  ou  will  observe  that  the  image,  however  distant  the  ob- 
ject, is  never  farther  ofi*than  aty";  that  is,  the  imaginary  focus 
of  parallel  rays. 

J,  The  difference  then  between  concave  and  convex  reflec- 
tions is,  that  the  point  f  in  the  former  is  behind  the  glass,  and 
in  the  latter  it  is  before  the  glass,  as  f. 

T.  Just  so :  from  the  property  of  diminishing  objects,  "  small 
convex  reflectors,"  says  Dr.  Gregory,  "  are  made  lor  the  use  of 
travellers,  who,  when  fatigued  by  stretching  the  eye  to  Alps 
"  towering  on  Alps,  can,  by  their  mirror,  bring  the  sublime  ob- 
jects into  8  narrow  compass,  and  gratify  the  sight  by  pictures 
which  the  art  of  man  in  vain  attempts  to  imitate.'** 

Concave  mirrors  have  been  used  for  many  other  and  different 
purposes  ;  for,  by  them,  with  a  little  ingenuity,  a  thousand  illu- 
sions may  be  practised  on  the  ignorant  and  credulous. 

C,  I  remember  going  with  you  to  see  an  exhibition  in  Bond 
Street,  which  you  said  depended  on  a  concave  mirror :  I  was 
desired  to  look  into  a  glass ;  I  did  so,  and  started  back,  for  I 
thought  the  point  of  a  dagger  would  have  been  in  my  face.  I 
looked  again,  and  a  death's  head  snapped  at  me :  and  then  I 

«  See  Economy  of  Nature,  Tol.i.  p.  26.,  tecond  edition. 
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saw  A  most  beautiful  nosegaj,  which  I  wished  to  grasp,  but  it 
Tmni^hed  in  an  instant. 

T.  I  will  explain  how  these  deceptions  are  managed :  let  a  i 
be  a  concave  mirror  10  or  1*2  inches  in  diameter,  placed  in  one 
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room ;  a  b  the  wainscot  that  separates  the  spectator  from  it ; 
but  in  this  there  is  a  square  or  circular  opening  which  faces  the 
mirror  exactly.  A  nosegay,  for  instance,  is  inverted  at  c,  and 
is  strongly  illuminated  by  means  of  an  Argand  lamp ;  but  no 
direct  light  from  the  lamp  fulls  on  the  mirror.  Now  a  person 
standin":  at  o  will  see  an  image  of  the  nosegay  at  p. 
J,  W  hat  made  it  vanish  ? 

T.  A  person  behind  the  wainscot  removed  the  nose^y,  and 
ntroduced  the  sword  and  the  advancing  death's  head,   i^ersons 
have  undertaken  to  exhibit  the  ghosts  of  the  dead  bj  con- 
trivances of  this  kind ;  for  if  a  drawing  of  the  deceased  be  placed 
instead  of  the  nosegay,  it  may  be  done. 

If  a  large  concave  mirror  be  placed  before  a  blazing  fire,  so 
as  to  reflect  the  image  of  the  fire  on  the  flap  of  a  bright  maho- 
gany table,  a  spectator  suddenly  introduced  into  the  room  will 
suppose  the  fire  to  be  on  the  table. 
If  two  large  concave  mirrors,  a  and  b,  be  placed  opposite  each 

B  other,  at  the  distance  of  several 
feet,  and  red-hot  charcoal,  or 
an  iron  ball,  be  put  in  the 
focus  D,  and  some  gunpowder 
in  the  other  focus  c,  it  will 
presently  take  fire.  This  ex- 
periment may  be  varied  by  placing  a  thermometer,  in  one  focus 
and  lighted  charcoal  in  the  other,  and  it  will  be  seen  that  the 
quicksilver  in  the  thermometer  will  rise  as  the  fire  increases, 
uiough  another  thermometer,  at  the  same  distance  from  the  fire, 
but  not  in  the  focus  of  the  glass,  will  not  be  affected  by  it. 

At  the  Polytechnic  Institution  are  two  very  large  reflectors 
of  this  kind :  they  are  placed  at  the  opposite  ends  of  the  long 
gallery,  80  or  100  feet  apart ;  a  fire  is  placed  in  the  focus  of 
one,  and  a  chop  or  steak  in  the  focus  of  the  other,  and  the  meat 


Fig.  24. 


T|IE  jEyj:.  937; 

is  cooked.    But  I  must  not  go  on  telling  you  about  the  refleo 
tion  of  heat,  for  light  is  our  present  subject. 

J,  I  have  seen  concave  glasses,  in  which  my  face  has  been 
rendered  as  long  as  my  arm,  or  as  broad  as  my  body :  how  are 
these  made  ? 

T.  These  images  are  called  anamorphoses^  and  are  produced 
from  cylindrical  concave  mirrors ;  and  aq  the  mirror  is  placed 
either  upright  or  on  .its  «u2e,  the  image  of  the  picture  is  distorted 
into  a  very  long  or  very  broad  image. 

In  the  cloister  of  Minims,  at  Paris,  there  are  twO  anamor- 
phoses traced  upon  two  of  the  sides  of  the  cloister,  one  repre- 
§etitihg  a  Magdalen,  abd  the  ether  St.  John  writing  his  Gospel*. 
These,  when  viewed  directly,  seem  like  a  kind  of  landscape,  but», 
from  a  particular  point  of  sight,  they  appear  very  distinctly  like 
litunan  figures. 

Reflecting  surfaces  may  be  made  of  various  shapes,  and  if  % 
if^ular  figure  be  placed  before  an  irregular  reflector,  the  iipage 
will  be  deformed ;  but  if  an  object,  as  a  picture,  be  painted  de-fj 
fbrmed,  according  to  certain  rule^,  the  image  will  appear  regular. 
Such  figures  and  reflectors  are  sold  by  opticians,  and  they  servQ 
to  astonish  those  who  are  ignorant  of  toese  subjects ;  but  you 
will  readily  comprehend  their  nature  from  what  has  just  been 
remarked. 


CONVERSATION  XV. 
Of  the  different  Parts  of  the  Eye, 

C,  Will  you  now  describe  the  nature  and  construction  of  the 
telescope  ? 

T,  I  think  it  will  be  better  first  to  explain  the  several  parta 
of  the  eye,  and  the  nature  of  vision  in  the  simple  state,  before 
i^re  treat  of  those  instruments  which  are  designed  to  assbt  it. 

V.  I  once  saw  a  bullock's  eye  dissected,  and  was  told  that  it 
was  analogous  to  the  human  eye  in  its  several  parts. 

T.  The  eye,  when  taken  from  the  socket,  is  of  a  globular 
form,  and  it  is  composed  of  three  coats  or  skins,  and  three 
other  substances  called  humours.  The  first  fisure  represents 
the  section  of  an  eye,  that  is,  an  eye  cut  down  we  middle ;  and 
the  second  the  front  view  of  an  eye  as  it  appears  in  th^  hi^ad* 
^he  external  coat,  which  is  represented  by  the  outer  circle 
A  B  c  D  E,  is  called  the  sclerotica ;  the  front  part  of  this,  namely^ 
c  a:  D,  is  perfectly  transparent,  and  is  called  the  cornea ;  beyond 
this,  towards  b  and  s,  it  is  white,  and  called  the  white  of  the 
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tj*.    Tbe  next  oott,  wbicb  b  itprMMtcJ  hj  ibe  •ecaod'  cndiv 


j'.  Tim  drde  does  not  go  ill  romid. 

r.  No :  the  vacant  ipace  a  6  b  th&t  whidi  we  call  Ae  pofOi 
Htd  Umm^  tUt  alMie  the  lij^  is  allowed  to  enter  the  ejre. 

C  Wbat  do  70a  call  tint  part  wiiidi  is  of  a  bewitiAiI  blue  in 
aome  pmoiM^  aad  in  otbert  brawn  or  afanoat  black  P 

T.  That,  as  a  c,  A  a,  ii  part  of  tbe  duraide*,  and  ia  callad 
tb«iriM. 

C.  Ibe  iria  is  aometimea  inacli  larger  than  it  u  at  another. 

7.  It  it  compoaed  of  a  sOTt  of  netwoik,  which  contnu:ts  «r 
OKpands,  according  to  the  force  of  the  light  in  which  it  iapfawed.- 
Let  James  stand  m  a  da^  comer  for  two  or  three  minutes 
now  look  at  his  ejes. 

C  The  irif  of  each  is  very  small,  and  the  pupil  larga 

T.  Now  let  him  look  iteadiljr,  rather  close  to  the  candle. 

C  The  iris  is  cansiderablf  enlaf^ed,  and  the  pupil  of  the  eje 
h  bnt  a  siaaH  point  in  comparison  t^what  it  was  before. 

T.  Did  you  nerer  feel  uneasy,  after  sitting  some  time  in  the 
daik,  when  candles  were  snddenlf  bnmgfat  into  the  room  t 

J.  Tes:  I  remember,  last  Friday  erening,  we  had  been 
■■«««  "^  ■»  hour  ahnost  in  the  dark,  at  Mr.  Webb's,  and, 
when  csndlea  were  introduced,  every  sne  of  the  companv  com- 
plained of  the  pain  which  the- sudden  light  occasioned 

T.  By  sitting  so  long  i»  the  dati,  the  iris  wss  contracted 
Tery  much  :  of  course,  the  pupil  being  yery  large,  more  light 
was  a*i.Med  than  u  conld  well  bear ;  and,  iherSfbre,  tiU  t^e 
was^^owed  for  the  u-,s  to  adjust  itself,  the  uneasiness  would 

.J^^^T^^Jt?^  can  the  third  coat,  whirfi.  from  the  fignre. 
appear.  W  be  .ttll  less  tb«,  the  choroidesP  ^  ««"«««. 
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C  Are  the  humonrs  of  tbe  eye  intended  for  refracting  the 
rays  of  light,  in  the  same  manner  as  glass  lenses  ? 

T.  They  are ;  and  they  are  called  the  viireous,  the  crystalline^ 
and  the  aqueous  humours.  The  vitreous  humour  fills  up  all  the 
space  z  2y  at  the  back  of  the  eye ;  it  is  nearly  of  the  substance 
of  melted  glass.  The  crystalline  is  represented  by  df,  in  the 
shape  of  a  double  convex  lens,  and  the  aqueous^  or  watery 
humour  fills  up  all  that  part  of  the  eye  between  the  crystalline 
humour  and  the  cornea  c  :e  d. 

J.  What  does  the  part  A  at  the  back  of  the  eye  represent  ? 

T,  It  is  the  optic  nerve,  which  serves  to  convey  to  the  brain 
the  sensations  produced  on  the  retina. 

C  Does  the  retina  extend  to  the  brain  ? 

T,  It  does :  and  we  shall,  when  we  meet  next,  endeavour  to 
explain  the  ofiice  of  these  humours  in  effecting  vision.  In  the 
mean  time  I  would  request  you  to  consider  again  what  I  have 
told  you  of  the  different  parts  of  the  eye ;  and  examine,  at  the 
same  time,  the  last  two  figures. 

J.  We  will :  but  you  have  said  nothing  abgut  the  uses  of  the 
eyebrows  and  eyelashes. 

T»  I  intended  to  have  reserved  this  to  another  opportunity ; 
but  I  may  now  say,  that  the  eyebrows  defend  the  eye  firom  too 
strong  a  light ;  and  Ihey  preserve  the  eyes  from  injuries  by  the 
sliding  of  substances  down  the  forehead  into  them. 

The  eyelids  act  like  curtains  to  cover  the  eyes  during  sleep ; 
to  protect  ihem  from  accidental  violence ;  to  exclude  the  light 
when  most  offensive ;  and,  when  we  are  awake,  they  difiuse  a 
fluid  over  the  eye,  which  keeps  it  clean,  and  well  adapted  for 
transmitting  the  rays  of  light. 

The  eyelashes,  in  a  thousand  instances,  ^ard  the  eye  from 
danger,  and  protect  it  from  floating  dust,  with  which  the  atmo^* 
sphere  abounds.  So  mercifully  does  the  Author  of  Nature 
provide  against  injury  to  this  aelicate  organ,  even  by  means  of 
Its  ornamental  appendages. 


CONVERSATION  XVI. 
Of  the  Eye  and  the  Manner  of  Vision, 

C  I  do  not  understand  what  you  meant,  when  you  said  the 
optic  nerve  served  to  convey  to  the  brain  the  sensations  pro* 
duced  on  the  retina. 

T.  Nor  do  I  pretend  to  tell  ^ou  in  what  manner  the  image 
of  any  object  pamted  on  the  retina  of  the  eye  is  calculated  to 
convey  to  the  mind  aa  idea  of  that  object :  but  I  '?r\&K  V^  ^&ks«^ 
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jo%  tkat  the  iflMifes  of  ^  TaricKis  objeeti  nhkk  ftm  nke  ire 
pttiiite  I  OQ  the  retiaft.  Here  b  a  bolloek't  eye,  firom  tlie  back^ 
]MVt  of  wUck  I  cat  «v«f  ^  three  coats,  but  to  ai  to  leaTe  the 
Titrcoas  hamovr  Derfeet :  I  will  now  pot  against  ^kt  Titreooa 
hassoor  a  pieee  of  white  paper,  aad  hohl  tl»  eje  towards  the 
window :  what  do  Toa  see  ? 

J.  The  figure  or  the  window  is  drawn  i^mmi  ikit  paper ;  bat 
it  ■  imertcd. 

T.  Open  ^kt  window,  and  joa  will  see  te  trees  in  the  ^ar* 
den  drawn  ojpon  it  in  the  sasse  inverted  state,  or  anj  other  bn^t 
oii(|ect  that  IS  presented  toit» 

C  I>oes  the  paper  in  this  instswy  represent  the  innermost 
coat  called  the  retina  ? 

T.  It  does;  aadlhaTessadenseofpaper,  beeaoseitiseasilj 
seen  throng  whereas  the  retina  is  opaque:  tran^iarencj  would 
be  of  DO  advantage  to  iL  The  retina,  hj  means  of  the  Ofitie 
nerre,  is  extended  to  the  brain,  w^  in  other  words,  the  retina' 
is  an  extension  of  the  optic  nerre. 

J.  And  does  it,  as  one  maj  saj,  cany  to  -^kt  bnun  the  news 
of  ererj  object  that  is  paintcxl  on  the  retina  ? 

T.  So  it  should  seem ;  for  we  have  an  idea  of  whatever  is 
drawn  upon  it.  I  direct  mj  ejes  to  jon,  and  the  ima^  of  jonr 
person  is  painted  on  the  retma  of  mj  eje,  and  I  saj  I  see  jou. 
So  of  anjthinjT  else. 

C  Yon  said  the  rajs  of  light  proceeding  from  external  ob- 
jects were  refracted  in  passing  through  the  difierent  humours  of 
the  eye. 

T.  The  J  are,  and  converged  to  a  point,  or  there  would  be  no 
distinct  picture  drawn  on  the  retina,  and,  of  course,  no  distinct 
idea  conveyed  to  the  mind.  I  will  show  what  I  mean  by  a  figure, 
taking  an  arrow  again  ss  an  illustradcm. 

As  every  point  of  an  olnect  a  b  c  sends  out  rays  in  all  direc- 
tions, some  rays,  from  eacm  point  on  the  side  next  the  eye,  will 
fall  upon  the  cornea  between  x  and  y,  and,  by  passing  througl^ 
the  humours  of  the  eye,  they  will  be  converged,  and  brought  to 
as  many  points  on  the  retina,  and  will  form  on  it  a  distinct  in- 
vertedpicture,  cha^oi  the  object. 

J.  This  is  done  in  the  same  manner  as  you  showed  us  by  means 
of  a  double  convex  lens. 

jT.  All  three  of  the  humours  have  some  efiect  in  refracting 
the  rays  of  light,  but  die  crystalline  is  the  most  powerful ;  and 
that  is  a  complete  double  convex  lens :  and  you  see  the  rays 
from  A  are  brought  to  a  point  at  a ;  those  at  b  wiU  be  conversed 
at  5,  and  those  from  c  at  c ;  and,  of  course,  the  intennediat^ 
ones  between  a  and  b,  b  snd  c,  will  be  formed  between  a  imd  b^ 


IMAGES  .OF  IHB  RETINA. 


jutd  b  and  e.  Hence  the  object  becomes  visible  bj  meoiu  of  the 
image  of  it  being  drawn  on  the  retina. 

C.  Since  tbe  image  is  inverted  on  tlie  retiua,  how  is  it  that 
.  ire  see  tbin^  in  the  propur  position  ? 

T.  Thia  IS  a  proper  question,  but  one  that  is  not  very  readOf 
answered.  It  is  well  known  that  tbe  sense  of  touch  or  feeling 
very  much  assists  t^e  sense  of  sight ;  some  paintings  are  so  ex* 
;quieitely  finished,  and  so  much  resemble  sculpture,  that  Qte 
eye  is  greatly  deceived  ;  we  then  naturally  extend  the  hand  to 
Bid  the  sense  of  seeing.  Children,  who  bsve  to  learn  tbe  use  of 
all  their  senses,  make  use  of  their  bands  in  everything ;  they  see 
nothing  which  they  do  not  wish  to  handle ;  and  therefoi'e  it  is 
not  improbable  that,  by  the  sense  of  tbe  touch,  they  learn,  unac 
.  wares,  to  rectify  that  of  seeing.  The  image  of  a  chair,  or  table, 
or  other  object,  is  painted  in  an  inverted  position  on  the  retina:; 
they  feel  and  haiMUe  it,  and  find  it  erect ;  the  same  result  pet- 
petually  recurs,  so  that,  at  length,  long  before  they  can  reason 
on  the  subject,  or  even  describe  their  feeling  b^  speech,  the  nx- 
verted  image  gives  lliem  an  idea  of  an  erect  object. 

C.  I  can  easily  conceive  that  this  would  be  the  case  with 
common  objects,  such  as  are  seen  every  day  and  hour.  But 
will  there  he  no  difficulty  in  supposing  that  the  same  must  happen 
with  regard  to  anything  which  I  had  never  seen  before  ?  I  never 
saw  ships  sailing  on  the  sea  till  within  this  month  ;  but  when  I 
first  saw  them,  they  did  not  appear  to  me  in  an  inverted  posi- 

T.  But  vou  have  seen  water  and  land  befbre,  and  they  appear 
to  you,  by  habit  and  experience,  to  be  lowermost,  though  they 
are  painted  on  the  eye  in  a  different  position  :  and  tbe  bottom 
of  the  ship  is  next  tlie  water,  and,  consequeutlv,  BB  you  refer 
the  water  to  the  bottom,  so  you  must  the  hull  of  the  ship,  which 
is  connected  with  it.  In  the  same  manner  alt  the  parts  of  a  dis- 
tant prospect  have  a  natural  arrangement  with  respect  to  each 
other ;  and,  therefore,  though  there  may  ba  a  Imnilied-  <&>$«iK 
X  a  1 
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in  the  liodtfcipe  eotirelj  new  to  joo,  Tet,  at  ihej  all  besr  a  re* 
Ifltkm  to  one  another,  and  to  the  earth  in  whidi  they  are,  joa 
refbr  them,  trjr  experience,  to  an  erect  poaitioo. 

J'.  IIow  is  it  that,  in  ao  amall  a  mee  at  theredna  of  the  eje, 
the  tmagef  of  ao  nianj  objecU  can  be  f<nined  f  

r.  Dr.  Palej*  tells  na,  *"  the  fvroqiect  fimn  Hampatead  Hm 
b  compreased  into  the  compass  of  a  sixpence,  yet  circnmstantially 
represented.  A  stage-CMch  approaching  joo,  at  its  ordinarr 
rate,  for  half  an  hour,  passes  in  the  eje  omj  orer  the  twelfta 
part  of  an  inch,  jet  the  chai^  of  place  is  distinctlj  perceired 
throu||^hout  its  whole  progress.**  Now  what  he  asserts  we  all 
know  is  true :  go  to  the  window,  and  look  steadily  at  the  pros* 
pect  before  jou,  and  see  how  many  objects  you  can  discern 
without  moTing  your  eye. 

J,  I  can  see  a  great  number  rery  distinctly  indeed ;  besides 
which  I  can  discern  others,  on  both  sides,  which  are  not  clearly 
defined. 

C.  I  hare  another  difficulty ;  we  have  two  eyes,  on  both  of 
which  the  images  of  objects  are  painted  ;  how  is  it  that  we  do 
not  see  every  object  double  ? 

T.  A  common  reply  to  this  question  would  hare  been  to  say 
that  the  optic  nerves  are  so  framed,  that  the  correspondent  parts 
in  both  eyes  lead  to  the  same  place  in  the  brain,  and  excite  but 
one  sensation ;  but  there  are  certain  phenomena  in  the  physiology 
of  vision  that  have  been  long  overlooked,  although  obvious  to 
all,  which  are  opposed  to  so  hasty  a  decision — a  decision  which, 
i^ter  all,  is  not  m  conformity  with  the  fact.  The  subject  of 
binocular  vision  is  so  important,  that  we  must  devote  an  entire 
conversation  to  it,  and,  in  the  mean  time,  I  will  prepare  the 
means  of  illustration ;  and  I  think  you  will  then  agree  with 
me  in  wondcrinjz  that  facts  of  such  every-day  occurrence  as 
some  that  I  shall  show  you  are,  should  not  have  arrested  the 
minds  of  philosophers  until  Wheatstone  investigated  the  subject 
in  1838. 


CONVERSATION  XVIL 

Binocular  Vision,  ~^  The  Stereoscope. — The  Pseudoscope. 

T,  I  wish  to  prove  to  you  that  the  pictures  formed  on  the 
respective  rctinfe  of  our  two  eyes  are  not  always  similar ;  and 
that  what  we  sec  is  not  one  of  these  pictures,  nor  the  other,  but 
an  effect  of  both.    I  have  here  a  small  dbc  of  brass,  with  one  of 

•  Bm  Paltjr*!  Natural  Theolofy,  p.  80.,  Mventh  edition  i  or  p.  18.  in  the  Analj^df  of 
ihftl  work  b^  tht  Author  qfthtH  JHaloguest 
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the  faces  turned  in  the  lathe,  and  thus  predentixig  a  bright  stlrface 
of  concentric  circles.  Take  this  in  your  hand,  and  stand  facing 
the  candle,  holding  the  disc  between  you  and  the  candle,  in  sucE 
a  manner  as  to  reflect  the  light  to  your  eye.  Now,  what  do 
you  see  ? 

C  Dear  me !  it  looks  exactly  as  if  an  arrow  of  light  were 
thrust  through  the  centre  of  the  disc;  and  one  half  seems  to  de* 
scend  under  the  surface  of  the  disc,  while  the  other  half  rises  as 
much  above.  I  can  hardly  persuade  myself  that  the  disc 'is  not 
actually  pierced  by  the  ray. 

T,  Now  close  the  right  eye,  and  tell  me  what  you  see ;  then 
close  the  left  in  like  manner. 

C.  1  now  see  that  the  ray  of  light,  instead  of  piercing  the  disc, 
lies  flat  across  it  in  each  case. 

T,  If  you  look  more  closely,  you  will  see  that  the  ray  seen  by 
the  right  eye  lies  across  in  a  different  direction  to  that  seen  by 
the  left.  In  fis.  28.  a  will  represent  the  direction  of  the  ray 
seen  by  the  right  eye,  and  b  that  seen  by  the  lef^« 
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When  both  eyes  are  open,  the  impression  produced  on  the 
brain  by  these  two  different  reflections  is  that  of  a  ray  piercing 
the  surface. 

J,  In  this  case,  seeing  is  not  believing,  and  two  eyes  are  not 
to  be  relied  on  so  much  as  one. 

T.  Not  so  fast.  We  will  look  at  something  else,  and  you  will 
find  the  value  of  having  a  pair  of  eyes.  Take  this  cube,  one 
face  of  which  I  have  painted  black,  and  place  it  directly  before 
you  six  or  eight  inches  from  the  eyes,  and  with  the  black  face 
to  your  right  hand.  Now  cover  your  right  eye,  and  move  your 
head  till  you  iust  lose  sight  of  the  black  face.  Having  done 
this,  cover  the  left  eye  and  open  the  right,  not  moving  your  head. 

J,  1  can  now  see  the  black  face  again;  and  I  observe  that 
the  perspective  view  of  the  cube  is  dinerent  according  as  I  view 
it  with  one  or  other  eye. 

.    T,  It  is;  in  either  case,  you  see  a  simple  pers^^tive -^v^^  ^< 
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the  object ;  and  it  is  the  combination  of  these  two  perspectiveti 
which  represents  to  the  brain  the  solid  object.  > 

C  Then  the  Cydops,  with  his  one  ejre,  could  not  tell  whether 
mn  object  was  solid  or  not  ? 

T.  Not  bj  a  single  observation,  but  he  would  move  his  head^ 
mnd  make  two  observations ;  and,  if  the  perspectives  did  not 
agree,  he  would  then  know  it  was  a  solid. 

C  Then  this  is  whj  the  solids  in  our  geometry  books  never 
look  really  solid;  they  seem  make-believes.  They  are  drawn  in 
perspective,  but  there  is  not  a  different  perspective  for  each  eye ; 
there  is  but  one  for  both  eves. 

T.  True ;  for  to  use  Wneatstone*s  words,  ^  It  is  impossible 
for  an  artist  to  give  a  faithful  representation  of  any  near  solid 
object,  that  is,  to  produce  a  paintmg  which  shall  not  be  distin* 
guished  in  the  mind  At)m  the  object  itself.** 

J,  I  have  been  looking  at  the  house  on  the  distant  hill,  first 
with  one  eye  and  then  with  the  other,  and  see  no  difference  in 
the  perspective ;  and  yet  I  know  it  if  a  solid  body. 

T,  But  this  sight  of  it  has  not  taught  you  of  its  solidity. 
As  far  as  you  know  from  what  you  gee,  it  may  be  merely  a 

1>aintine  on  a  flat  surface  ;  but  from  your  own  previous  know- 
edge  of  the  nature  of  houses,  and  from  having  visited  with  me 

that  particular  house,  you  know  what  you  see. 

I  will  now  show  you  Wheatstone's  Stereoscope ;   and  you 

will  be  prepared  to  understand  the  principles  on  which  it  is  con* 

structed.  There  are  two  forms,  the  refracting  and  the  reflecting ; 

the  former  suited  for  small  subjects  alone ;  the  latter  applicable 

to  large  subjects.    We  will  begin  with  the  former.    It  consists 

(fig.  29.)  of  a  base,  a,  6  in.  by  4  in.,  on 
which  stands  an  upright  partition, 
h,  5  in.  high,  and  which  can  be  ex- 
tended by  means  of  a  slide,  c.  It 
supports  a  board,  £?,  corresponding 
with  the  base,  having  two  aper- 
tures, e  and/,  one  on  each  side« 
and  2^  in.  apart,  to  correspond 
with  the  distance  of  the  eyes; 
small  prisms  are  in  these  apertures ; 
or  lenses.  When  the  instrument 
is  constructed  without  the  parti- 
tion, the  upper  part  is  otherwise 
rig. ».  supported.     Sometimes,  the  whole 

is  enclosed  in,  and  a  flap  is  raised  at  one  side  to  admit  the 
.light.    Very  marvellous  effects  are  produced  by  this  simple 

instrument,  to.  some  of  which  I  will  refer.    Fig.  30.  represents 
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perspective  drawings  of  the  cube,  as  it  appears  to  each  eye ; 
a  being  the  appearance  presented  to  the  right  eye,  and  b  maX 
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presented  to  the  lefl.  If  these  are  dulj  placed  in  the  stereo* 
scope  (fig.  29.),  a  at  ^,  and  b  at  h,  so  that  the  right  eye  re-* 
gards  Its  own  perspectiTC  view,  and  the  left  its  own,  the  effect 
produced  will  be  as  if  the  real  cube  were  before  the  eyes.  If 
two  circles,  with  diagonals  similar  to  those  in  fig.  28.,  are 
j^<,ed  in  the  instrument,  the  result  will  be  a  disc  pierced  by  a 
line,  in  the  same  manner  as  we  had  imagined  the  brass  disc  to 
have  been  pierced  by  a  ray  of  li^ht. 

C.  The  effect  is  indeed  surprising :  and  does  the  same  rule 
apply  to  all  other  cases  ? 

T.  It  does  :  all  that  is  necessary  is  to  make  correct  drawings 
of  the  respective  perspective  views  of  the  objects,  and  the 
effect  will  come  out  most  successfully.  I  have  here  a  large 
collection,  which  are  to  be  obtained  at  small  cost  ready  pre- 
pared ;  some  being  of  the  more  simple  solids,  which  at  once 
tell  i>£  the  form  that  will  be  more,  perfectly  revealed  by  the 
stereoscope ;  others  of  a  more  complex  character.  Forms  to 
which  we  are  not  so  much  accustomed  are  not  easily  made  out 
of  themselves,  but  when  placed  in  the  stereoscope  become  solid 
realities. 

But  the  most  striking  of  all  objects  thus  viewed,  are  daguer- 
reotype pictures.  I  have  here  some  pairs  of  perspectives  of 
statues  and  portraits. 

J.  These  are  indeed  excellent :  in  this  of  the  Greek  Slave, 
which  was  so  much  admired  as  a  statue  at  the  Great  Exhibition, 
the  limbs  seem  actually  rounded;  and  have,  from  two  somewhai 
obscure  looking  perspectives,  the  appearance  of  a  solid  statue. 

C.  Why  these  are  model  portraits  of  papa  and  mamma.  L 
can  actually  see  into  the  hat,  and  round  the  arm,  and  through 
the  hair ;  and  the  bonnet  ribbon  seems  lifted  up,  and  the  curls 
are  quite  solid,  and  the  handkerchief  is  perfectly  transparent^ 
so  that  the  dress  is  visible  beneath.  Fapa*s  fingers,  the  folds 
of  his  coat  and  waistcoat,  the  tie  of  his  cravat,  are  all  like  those 
of  a  living  statue ;  and  I  can  actually  see  into  the  folds  of  lace 
on  manuua*s  Wrists. 
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7\  Pictures  of  this  kind  are  necessarily  the  very  best  objects 
for  this  interesting  instrument ;  for  there  can  be  no  errors  in 
their  perspective.  I  may  one  day  describe  *  to  you  the  prin- 
ciples of  the  process  by  which  tney  are  produced.  For  the 
present  you  have  merely  to  understand  that  a  silver  plate, 
properly  prepared,  is  placed  in  a  camera,  which  is  presented  to 
the  person  or  object  to  be  copied;  and  a  change  speedily 
occurs  on  the  plate,  which  by  subsequent  treatment  reveals  a 
portrait.  When  one  picture  is  taken  the  camera  is  shifted, 
and  then  another  is  taken.  For  a  stereoscope,  having  a  focal 
distance  of  eight  inches,  the  camera  is  moved  18%  or  the 
twentieth  part  of  the  circumference  of  the  circle,  of  which  a 
line  drawn  from  the  object  to  the  camera  is  the  diameter* 

C.  And  what  is  the  reflecting  stereoscope? 

T.  In  principle  the  same,  but  in  construction  different :  it  is 
shown  in  fig.  31.    Its  essential  parts  are  two  vertical  and 


I  Fig.  81.J  j 

parallel  boards  or  frames,  A  and  b,  to  hold  the  pictures,  c,  d ; 
and  two  plane  mirrors  a  and  6,  placed  at  right  angles  to  each 
other  to  reflect  the  pictures  to  the  eye«  The  rest  of  the  appa^ 
ratus  consists  merely  of  the  framework  and  adjustments.  The 
eyes  are  applied,  one  to  each  mirror ;  and  it  is  generally  better 
to  attach  a  spectacle  frame,  ^,  with  a  pair  of  moderately  mag- 
nifying lenses,  facing  the  eyes.  All  the  phenomena  before 
mentioned  are  equally  seen  here :  but  the  former  arrangement 
is  only  suited  to  small  objects,  whereas  here,  from  the  nature 
of  the  arrangements,  we  are  not  limited  to  size ;  and  hence,  I 
can  show  you  some  magnificent  pictures. 

C  How  beautiful !  I  see  a  perfect  model  of  the  transept  of 
the  Great  Exhibition.  The  famous  old  elm  stands  out  in  full 
relief ;  the  statues  and  ornaments,  the  gates  and  fountains,  are 
all  so  naturally  placed  in  real  perspective,  that  were  I  to  have 
seen  this  before  having  had  the  secret  explained,  I  should  have 
thought  I  was  looking  on  a  small  and  most  perfectly  executed 
tnodS. 

•  Sm  Connnaltoii  XXTV.,  on  the  Cbemieal  PropcrtiM  cf  Light. 
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T,  The  pictures  in  tbe  present  instance  are  on  paper.  They 
are  sun-pictures,  taken  by  a  process  essentially  similar  to  the 
daguerreotype.  The  reflecting  stereoscope,  on  account  of  its 
properties,  and  the  extent  of  its  capabilities,  is  becoming  an  in« 
strument  extremely  useful  to  the  architect  and  the  engineer. 
Instead  of  the  expense  and  the  care  of  making  drawings  illus- 
trative of  the  progress  of  the  works,  it  b  now  merely  necessary 
to  take  sun-pictures  in  the  camera,  under  the  necessary  angles, 
and  place  them  in  the  stereoscope,  when  the  reality  of  the 
building  in  its  then  state  is  presented  to  the  eye.  This  plan  is 
being  adopted  by  Mr.  Yignoles,  the  celebrated  engineer,  in 
respect  to  the  wrought-iron  bar  chain  suspension  bridge,  in 
course  of  construction  at  Kieff  over  the  river  Dnieper,  by 
command  of  the  Emperor  of  Russia.  You  remember  seeing 
the  model  of  this  bridge  in  the  central  avenue  of  the  Great 
Exhibition  :  it  is  engraved  at  p.  314.  of  the  Illustrated  Cata* 
logue.  The  Emperor  of  Russia  is  provided  with  a  reflecting 
stereoscope :  the  engineer  is  provided  [^with  two  first-class 
cameras,  and  an  experienced  manipulator.  Week  by  week  he 
takes  sun-pictures  of  the  state  of  the  works,  and  sends  them,  in 
a  proper  state,  and  with  a  brief  description,  to  the  Emperor. 
His  Imperial  Majesty  places  them  in  the  camera,  and  with  his 
own  eyes  sees  the  actual  state  of  things,  and  has  before  him  an 
irresistible  reply  to  all  that  his  courtiers  may  insinuate  agunst 
the  English  engineer. 

C  Capital !  how  many  uses  can  be  made  of  this  simple  in- 
strument !  I  am  quite  sure  the  eleventh  book  of  Euclid  would 
have  been  much  more  easy  to  me,  had  I  had  stereoscopic  views 
of  the  figures.    They  plagued  me  very  mucL 

T,  There  are  some  curious  deceptions  presented  by  some 
forms  of  regular  solids ;  and  they  command  our  attention  now^ 
as  we  are  upon  the  subject  of  vision.  Look  attentively  at  the 
figure  30.  a,  and  you  will  observe  it  change ;  you  will  at  times 
observe  the  comer  4;  to  be  the  nearest  to  you,  and  the  figure  at 
that  time  will  be  like  as  if  you  could  see  the  lower  surface  of 
the  base ;  if  you  continue  to  look,  the  figure  will  on  a  sudden 
appear  to  turn  inside  out,  the  corner  x  will  seem  to  belons  to 
the  distant  side,  and  be  one  corner  of  the  square  base,  on  which 
the  figure  will  then  seem  to  rest ;  and  what  is  the  more  re* 
markable,  these  changes  cannot  be  called  forth  at  pleasure,  but 
will  come  and  go,  independently  of  any  wish  of  yours  to  the 
contrary.  This  delusion  only  occurs  with  regular  forms,  of 
which  both  arrangements  are  familiar,  and  can  be  realised  by 
the  mind ;  and  only  in  linear  figures,  as  the  mere  presence  of 
■shade  at  once  identifies  which  of  the  two  forms  is  intended^  and 
dispels  the  illusion. 
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J.  While  I  lutTe  been  Ikteninff  to  yon,  I  ImidTertentlj  placed 
the  formi,  a  and  &,  ^.  30^  in  toe  wrong  places  in  the  stereo- 
soope,  and  was  not  aware  of  it,  until  I  fooKed  through  at  them 
in  the  expectation  of  finding  as  before  a  solid  cube,  when  to  m  j 
•nrprise  I  saw  a  pjramidf  with  a  small  piece  cut  off  the  \a^ 

T,  This  is  as  it  should  be.  For  a  frustrum  of  %  pjramid 
▼iewed  with  either  eye  would  giye  you  for  each  eje  perspeo- 
tiTet  such  as  you  haye ;  yiz.  for  the  left  eye  a  figure  sunilar  to 
that  of  a  cube  seen  with  the  right  eye,  and  for  the  right  eye, 
one  simiUr  to  a  cube  seen  with  the  left  ^e ;  and  the  cause  of 
this  alternation  is  that  the  parts,  which  at  nrst  seemed  near,  now 
■eem  remote,  and  the  remote  seem  near. 

C  I  can  quite  understand  what  you  just  now  said  about  the 
effect  of  shade.  I  haye  a  macbine-en^raying  of  a  medallion  of 
one  of  the  popes :  whos  I  look  at  it  with  the  lamp  on  the  right 
side,  it  seems  to  be  a  medallion ;  but  when  I  place  the  lamp  on 
the  left,  it  appears  to  be  intaglio,  or  sunk  in.  Nothing  alters, 
as  far  as  the  picture  is  concerned ;  but  as  a  medallion,  its  light 
and  shade  correspond  with  what  is  true,  when  the  lijfht  is  on 
the  right  hand ;  out  with  the  light  on  the  left,  they  could  only 
be  true  for  an  intaglio.  And  this  makes  me  think  that  the  eye 
and  the  mini  are  both  concerned  in  the  act  of  seeing. 

T.  They  are,  as  you  will  haye  half  discoyered  from  some  of 
the  other  experiments. 

C.  I  thinK  I  shall  make  myself  a  stereoscope  of  card  and 
wood,  with  two  holes  to  look  through.  I  shall  not 'want  any 
prisms  or  lenses,  for  my  eyesight  is  yery  sood. 

T.  You  may  perhaps  succ^,  and  peniaps  not.  Some  eyes 
will  much  more  readily  adjust  themselves  to  circumstanees  than 
Others,  and  some  will  not  at  all.  I  can  see  without  lenses,  but 
not  at  first.  When  I  begin  to  look,  I  see  the  two  pictures ;  but 
after  a  little  attentive  looking,  they  gradually  superpose  and 
coalesce,  and  the  solid  is  revealed.  The  sole  use  of  the  lenses 
Is  to  render  the  ra^s  of  light  parallel,  which  it  is  necessary  th^ 
should  be,  for  distinct  vision,  when  the  optic  axes  are  parallel, 
as  in  this  case  they  are,  the  centres  of  the  pictures  being  about 
as  far  apart  as  are  the  two  eyes.  Primna  deflect  the  rays  of 
light  that  proceed  from  the  pictures,  so  as  to  make  them  appear 
to  occupy  the  same  place.  Semi-lenaea^  with  their  edges  directed 
towards  each  other,  as  have  been  used  by  Sir  David  Brewster, 
serve  both  to  displace  the  pictures,  and  also  to  render  the  rays 
less  convergent.  Lenses  and  prisms  united,  enable  us  to  see 
pictures  that  are  somewhat  wider  from  centre  to  centre  than 
the  width  between  the  eyes. 

If  the  frames  which  hold  the  pictures  in  the  reflecting  stereo- 
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scope  (fig.  31.)  are  on  arms  ef,  movable  about  a  centre^,  we  can 
see  how  much  the  direction  of  the  lines  is  connected  with  bino- 
cular vision.  If  the  arms  are  moved  back,  although  the  distance  of 
the  pictures  from  the  mirrors  remains  the  same,  the  size  becomes 
greater  to  the  eyes ;  if  thej  are  moved  forwards,  the  size  becomes 
smaller.  In  either  case,  the  position  of  the  picture  reflected  in 
the  mirror  is  altered,  so  that  in  the  former  case,  the  lines  con- 
verge less  than  for  the  true  view ;  and  in  the  latter  case  thej 
convers^e  more. 

C  But  I  cannot  se^  how  this  is  to  magnify  or  to  diminish  the 
picture.     If  I  stand  at  one  end  of  the  study,  and  look  at  my 
cricket-ball  on  the  table  at  the  other  end,  two  lines  drawn  from* 
my  eyes  to  the  ball  are  nearly  parallel ;  if  I  go  to  the  middle  of' 
the  room,  the  lines  converge  or  slope  towards  each  other,  but 
the  ball  seems  no  bi(;ger ;  it  is  nearer. 

T.  Just  so ;  but  in  the  stereoscope,  when  you  move  back  the, 
arms,  the  lines  from  your  eyes  converge ;  but  the  pictures  do 
not  get  nearer,  and  thus  you  have  the  effect  of  increased  size,- 
without  the  information  to  help  you,  as  in  the  case  of  the  ball, 
that  although  it  seems  larger,  it  is  not  so,  but  is  nearer. 

I  could  tell  you  of  many  curious  effects  connected  with  the 
relative  convergence  of  the  optic  axes,  but  must  content  myself 
with  describing  to  you  an  instrument  which  Mr.  Wheatstone 
has  invented,  and  which  he  has  termed  a  Pseudoscope^  on  account 
of  the  false  perceptions  it  conveys  to  the  mind.  You  have  seen,' 
in  regard  to  your  ball,  that  the  impression  on  your  mind  of  its 
real  magnitude  is  the  same,  whether  it  be  far  or  near,  for  the 
size  of  the  picture  drawn  on  the  retina  of  the  eye  (fig.  27.)  ifr 
larger  as  the  axes  converge  more,  and  there  is  a  constant  relation 
between  the  two.  The  pseudoscope  is  so  constructed  that  as  an 
object  becomes  nearer,  its  larger  picture  on  the  retina  b  accom- 
panied by  a  ^««  convergence  of  the  optic  axes,  instead  of  2l  greater  i 
or,  when  regarding  two  objects,  at  no  great  distance  from  the  eye, 
but  the  one  nearer  than  the  other,  the  nearer  will  appear  the  more 
distant.  I  will  first  describe  to  you  the  pseudoscope ;  and  then, 
after  having  shown  you  some  of  its  effects,  will  endeavour  to 
explain  its  modus  operandi. 

Fi^.  32.  represents  the  pseudoscope.  It  consists  essentially  of 
a  pair  of  rectangular  prisms  a  and  (,  fitted  into  frames  e  a,  80 
that  the  parallel  sides  e  and/,  are  about  2-^ in.  apart ;  the  other 
faces  are  about  li%in.  square.  The  frames  in  which  the  re* 
spective  prisms  are  held  are  slightly  adjustible  on  centres  at  x; 
so  as  to  bring  the  objects  to  coincide.  On  looking  through  this, 
as  shown  in  the  figure  at  gg,  the  inside  of  a  tea-Qup  appears  as 
a  solid  convex  body ;  coloured  flow^:^  in  nelief  on  a  clnna  \ati^ 
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appear  as  if  impreaaed  in ;  a  small  torestrial  globe  appears  like 
a  glass  globe,  with  ahemispbere  drawn  on  its  further  uid  coneare 
siuface ;  and  if  then  the  ^be  is  rerolyed,  fresh  pcxtiona  of  the 
surface  seem  to  come  from  nowhere,  and  to  go  to  nowhere. 

C.  I  cannot  see  anything  different  in  the  tea-cup.    Oh !  there 
it  is;  it  seemed  on  a  sudden  to  turn  inside  out,  and  jump  towards 


T.  This  is  generally  the  case.  The  real  impression  on  the 
mind  is  so  strong,  that  it  will  not  readily  giye  pbux  to  the  im- 
pressions actual^  on  the  retinae ;  and  with  some,  the  relation 
between  the  susceptibility  of  the  retinse  and  the  tenacity  of  the 
mind  is  such  that  the  efiect  cannot  be  at  all  caught. 

These  conversions  of  relief  only  occur  with  objects  whose  re- 
verses have  a  meaning;  and  they  do  not  occur  at  all  if  the  oMect 
presents  light  and  shade,  because  then  one  set  of  signs  neutralises 
and  sets  aside  the  other.  In  order  that  more  remote  objects  shall 
appear  nearer,  thev  must  be  viewed  isolated  from  all  extraneous 
things,  or  these  will  reveal  more  strongly  the  true  state  of  the 
case,  than  the  pseudoscope  will  the  converse.  An  object  on  a 
wall  appears  behind  it.  The  branches  of  a  plant  that  are 
farthest  from  the  eye  seem  nearest,  and  the  whole  plant  seems 
broken  up  and  cut  in  a  most  extraordinary  way,  but  in  strict 
accordance  with  rule. 

C  You  have  placed  the  plant  on  the  table,  behind  the  lamp ; 
but  its  branches,  especially  the  top  ones,  seem  nearer  to  me  than 
the  lamp ;  and  the  more  so,  as  I  avoid  looking  at  the  foot ;  in 
the  latter  case,  the  true  state  of  things  is  revealed  by  the  table- 
cover,  and  other  things. 

T,  Yes ;  and  if  you  notice  as  I  move  the  plant  nearer,  it 
will  present  two  contradictory  effects ;  it  will  seem  to  go  further 
off,  and  yet  to  become  larger;  for,  as  the  object  becomes 
nearer,  its  larger  picture  on  the  retina  is  by  this  instrument 
made  to  be  accom{)anied  hj  a  less  and  not  2^  greater  convergence 
of  the  optical  axis,  or  Imes  from  each  eye.    For  the  lines 
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drawn  from  the  object  on  entering  the  prism  suffer  refraction, 
or  are  bent  inwards ;  they  are  then  reflected  bj  the  inner  face 
of  the  prism  and  pass  on  to  the  eye,  and  on  leaving  the  prism 
are  bent  outwards.    The  final  result  of  these  refrac-  ^ 
tions  and  reflections  is  that  the  lines  which  converge 
most,  on  entering  the  prism,  converge  least  on  leaving 
it|  and  vice  versa. 

The  diagram  (fig.  33.)  will  help  you  to  remember 
what  is  meant  by  convergence  of  the  optic  axis,  and 
by  the  greater  or  less  angle?  under  which  nearer  or 
more  distant  objects  are  viewed.  Let  b  and  i<  be 
the  right  and  left  eyes,  and  a  and  b  two  objects,  the 
one  near,  the  other  more  remote.  The  lines  drawn 
from  the  two  eyes  converge  and  make  a  larger  angle 
at  the  nearer  object  a  ;  and  converge  and  make  a 
much  smaller  angle  at  the  more  distant  object  b. 
You  may  consider  that  the  action  of  the  pseudoscope 
is  as  if  the  line  b  b  is  made  to  assume  tne  direction 
B  A  before  entering  the  eye;  and  the  line  b  a  to 
assume  the  direction  b  b.  a 

You  may  from  the  same  diagram  see  the  value  of 
two  eyes  in  order  to  give  an  idea  of  solidity  and  of 
distance*  If  a  were  a  small  solid,  one.  eye  l  could 
only  see  one  end  of  it ;  but  the  other  eye  b  could  see 
a  side,  as  well  as  a  portion  of  one  end,  as  shown  by 
the  dotted  line ;  and  this  twofold  evidence  proves  the 
solidity.  In  regard  to  distance,  if  a  and  b  were  both 
some  distance  ofl*,  it  would  not  be  easy  with  one  eye 
i<  to  discover  which  were  the  more  distant ;  but,  as 
soon  as  the  evidence  of  the  other  eve  b  is  obtained,  b 
is  at  once  proved  to  be  the  more  distant. 
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CONVERSATION  XVHL 
Of  Spectacles^  and  of  their  Uses* 

C,  Why  do  people  wear  spectacles  ? 

T.  To  assist  the  sight,  which  may  be  defective  from  various 
causes.  Some  eyes  are  too  flat,  others  are  too  convex :  in  some- 
the  humours  lose  part  of  their  transparency,  and  on  that  account 
much  light  that  enters  the  eye  is  intercepted  and  lost  in  the  pas- 
sage, and  every  object  appears  dim.  Without  light,  the  eye^ 
would  be  a  useless  machine.  Spectacles  are  intended  to  collect 
the  light,  or  to  bring  it  to  a  proper  degree  of  convergency, 

C*  Are  spectacle-glasses  fuways  convex  ? 
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T,  No :  tlie^  are  emyex  when  the  eye*  art  too  flat  i  but,  if 
the  eves  tre  alr«adj  verj  coaTez,  then  concave  gUvea  ore  nwd. 
Xou  know  the  properties  of  a  convex  gUas  F 

J.  Yea ;  it  is  to  make  the  rajB  of  l^ht  convene  HMoer  than 
thev  would  withouL 

T.  Suppose,  then,  a  penon  i«  nnable  to  seeobjecta  diatinellv, 
owbg  lo  the  cornea  c  d,  or  to  the  crjstaUine  hnmour  b,  or  bolL, 


beine  too  flat.  The  fociu  of  rajs  proceeding  from  anj  objedi 
X,  wHl  not  be  on  the  retina,  where  it  ought  to  be,  but  at  z  be- 
jond  it. 

C  How  can  it  be  beyond  the  eye? 

T.  It  would  be  beyond  it,  if  there  were  anything  to  receive 
it ;  as  it  is,  the  rays  flowing  from  x  wiil  not  unite  at  iJ,  ao  ai  to 
render  vision  distinct.  To  remcdj  thic,  a  convex  elnsg  m  a  ia 
placed  between  the  object  and  the  eye,  by  means  of  which  die 
rays  are  brought  to  a  focua  looner,  and  the  image  i>  formed  at  d. 

J.  Now  I  aee  the  reason  why  people  are  obliged,  somedmea, 
to  make  trial  of  many  pairs  of  spectacles  before  they  get  those 
that  will  suit  them.  They  cannot  tell  exactly  what  degree  of 
convexity  is  necetsary  to  bring  the  focus  just  to  the  retina. 

T.  That  U  right ;  for  the  shape  of  the  eye  may  vary  as  modi 
B9  that  of  their  countenance;  of  course,  a  pair  of  spectacles. 
that  might  suit  you,  would  not  be  adapted  to  anotter,  whose 
eyes  should  require  a  similar  aid. — Wtat  b  the  property  of 
concave  glasses  ? 

C.  They  cause  the  rays  of  light  to  diverge. 

T.  Then  for  very  round  and  globular  eyes  these  will  be 
naeful,  because,  if  the  cornea  c  s,  or  cryvtalline  hninoiir,  b,  be 
too  convex,  the  rays  flowing  &oai  x  will  unite  into  a  focus 
before  they  arrive  at  the  retina,  at  at  z. 

.  C.  If  tbe  ai^t  then  depend  on  seniationi  produced  on  the 
Eetina,  such  a  person  will  not  see  the  object  at  all,  because  As 
image  of  it  does  not  reach  the  retina. 

T.  True :  but  at  z  the  rays  cross  one  another,  and  pass  on  to 
the  retina,  where  they  will  produce  some  sensations,  but  not 
those  of  distinct  vision,  because  they  are  not  bron^  to  »  feoo* 
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there.  To  remedy  this,  tlie  concave  glass  m  n  is  interposed  be-' 
tween  the  object  and  the  eje,  which  causes  the  rajs  coming  to 
the  eje  to  diverge;  and,  being  more  divergent  when  they  enter 
the  trfe,  it  requires  a  very  convex  cornea  or  crystalline  to  bring 
them  to  a  focus  at  the  retina. 

J.  I  have  seen  old  people,  when  examining  an  otyect,  bold  it 
a  good  distance  from  their  e^es. 

T.  Because,  their  eyes  being  too  flat,  the  focus  is  thrown  be- 
yond the  eye,  and  therefore  they  hold  the  object  at  a  distance 
to  bring  the  focus  a,  in  the  last  figure  but  one,  to  the  retina. 

C.  Very  short-sighted  people  bring  objects  close  to  their  eyea. 

T.  Yea  ;  I  onceltnew  a  young  man  who  was  apt,  in  looking 
at  his  paper,  to  rub  out  with  hia  nose  what  he  liad  written  with 
his  pen.  In  this  case,  bringing  the  object  near  the  eye  produceB 
a  aimilar  effect  to  that  produced  by  concave  glassea  :  because, 
the  nearer  the  object  is  brought  to  the  eye,  the  greater  is  the 
angle  under  which  it  Es  seen ;  that  is,  the  extreme  rays,  and,  of 
course,  all  the  others,  are  made  more  divergent. 

J.  I  do  not  understand  this. 

T,  Do  you  not  f  Look,  then,  to  this  diagram,  in  'which  let  e 
be  the  eye,  and  the  object  a  i  seen  at  2,  and  also  at  x,  doubls 
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tiie  distance ;  will  not  the  same  object  appear  under  different 
andea  to  an  eye  so  situated? 

?.  Yes,  certainly ;  a  e  6  will  be  larger  than  cud,  and  will 
include  it. 

T.  Tlien  the  object  beinff  brought  very  near  the  ere  baa  the 
tame  effect  as  magnifying  the  object,  or  of  causing  the  rays  to 
diverge ;  that  is,  though  a  b  and  e  d  are  of  the  aame  length*) 
):et  a  b,  being  nearest  to  the  eye,  will  appear  the  largest. 
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C  Toa  MT  tkcjesofoldpeof4ebeeoBeftift1ijige;  kduU 
motm'dimj:  to  ike  tuixinl  etmne  ik thiMtgs? 

T.  It  If ;  and  thtrefare  pciius  who  are  rerj  Aort-s^^ted 
whSlejomaf  wiB  probdblj  see  veil  when  ihiej  gram  old. 

«r.  TWt  ■  an  adTSBta^  denied  to  eoBmon  ejau 

71  Boipeoftle,  biased  vitbeommoosiglityAoald  be  thankfiil 
dr  tbe  bewfit  tk^  derive  vkOe  jonng. 

«r.  And  I  am  sure  we  cannot  tew  higfal j  estimate  the  sdenee 
of  optiea,  that  alfiirds  sadi  assstance  to  defectire  eres,  which, 
im  liflOT  nil  iiMiliiM'fi  of  life,  would  be  nadess  witlioai  them. 

T.  Dpectades  weie  known  and  nsed  ki^  befixe  die  principle 
of  the  mieroooope  and  tdeseope  was  brought  into  action.  Sal- 
Tinns  Annatos,  anobieman  of  Florence,  Haimpd  die  honour  of 
the  inrention  of  spectaides :  he  died  in  1317,  and  the  fatt  waa 
inscribed  on  his  tomb.  But  it  isgenoidlj  beUered  diat  Alhagen 
was  the  real  iuTentor,  50  or  60  jears  prior  to  this  period. 


COXVERSATIOy  XTX. 
O/tkeBaimbam. 

T,  Ton  haye  fireqoentlj  seen  a  rainbow  ? 

C,  Oh,  jes ;  and  Terr  often  I  hare  seen  two  at  the  same  time, 
one  above  the  other ;  the  lower  bein^  bj  far  the  more  brilliant. 

T»  This  b  one  of  the  most  beautiful  phenomena  in  nature ; 
it  never  makes  its  appearance  but  when  a  spectator  is  situated 
between  the  sun  and  the  shower ;  and  it  depends  on  the  re- 
flection and  refraction  of  the  rajs  of  the  son  bj  the  falling 
drops.  You  know  the  beautj  of  the  rainbow  consists  in  its 
flours.    I  will  show  joa  die  cc^urs  first  by  means  of  the 
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prism.  If  a  ray  of  li^ht  s  be  admitted  into  \  darkened  room, 
through  a  small  hole  in  the  phutter  x  y,  its  natural  course  is 
alone  to  the  line  d ;  but  if  a  glass  prism  a  c  be  interposed,  the 
whole  raj  will  be  bent  upwur£  \  and,  if  it  be  received  on  an  j 
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wliite  surface,  as  M  n,  it  will  form  an  oblong  image  p  t,  the 
breadth  of  which  is  equal  to  the  diameter  of  the  hole  in  the 
shutter. 

J,  But  how  is  the  light,  which  is  admitted  by  a  circular  hole 
in  the  window,  spread  out  into  an  oblong  ? 

T.  If  the  ray  were  of  one  substance,  it  would  be  equally 
bent  upwards,  and  make  only  a  small  circular  image.  Since, 
therefore,  the  image  or  picture  is  oblong,  it  is  inferred,  that  it 
is  formed  of  rays  differently  refrangible,  some  jof  which  are 
turned  more  out  of  the  way,  or  more  upwards  than  others: 
those  which  go  to  the  upper  part  of  the  spectrum  being  most 
refrangible,  Qiose  which  go  to  the  lowest  par4;  are  the  least  re- 
frangible ;  the  intermediate  ones  possess  more  or  less  refran- 
gibility,  according  as  they  are  painted  on  the  spectrum.  Do 
you  see  the  seven  colours  ? 

C  Yes ;  here  is  the  violet,  indigo,  blue,  green,  yellow,  orangjc, 
and  red. 

T*  These  colours  will  be  still  more  beautiful,  if  a  convex 
lens  be  interposed,  at  a  proper  distance,  between  the  shutter 
and  the  prism :  you  may  easily  recollect  both  the  names  of  the 
colours  and  their  order,  by  forming  with  their  initials  th^ 
mnemonic  word  vibgyor. 

J.  How  does  this  apply  to  the  rainbow  ? 

T*  Suppose  A  to  be  a  drop  of  ram,  and  8  d  9.  ray  from  ihe 
sun,  falling  upon  or  entering  it  at  d,  it  will  not  go  to  e,  but  be 
refracted  to  n,  where  a  part  will  go  out,  but  a  part  also  will  be 
reflected  to  q,  where  it  will  go  out  of  the  drop,  which,  acting 
like  a  prism,  separates  the  ray  into  its  primitive  colours ;  the 
violet  will  be  uppermost,  the  red  lowermost. 


Fig.  89. 
In  ihe  above  cut  B  and  B*  npreaent  red  rayi  t  and  T  and  T'  violet  cafv 
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C.  Is  tbis  always  tbe  case,  be  the  sun  either  high  or  low  iff 
the  heayens  f 

T.  It  is ;  but  the  situation  of  the  rainbow  will  vary,  aooordiB« 

as  the  sun  is  high  or  low ;  that  is,  the  higher  the  sun,  the  lower 

.will  be  the  rainbow  :  a  shower  has  been  seen  on  a  uountain  by 

a  spectator  in  a  valley,  by  which  a  complete  circular  rainbow 

has  been  exhibited. 

J.  And  I  once  remember  standing  on  Morant*s  Court  Hill, 
m  Kent,  when  there  was  a  heavy  shower,  while  the  smn  shone 
very  bright,  and  alf  the  lasidsc^>e  beneath,  te  a  vast  extent, 
seemed  to  be  painted  with  the  prismatic  colours. 

C,  You  have  not  explained  the  principles  of  the  upp^f  or 
fainter  bow. 

7\  This  is  formed  by  two  refractions  and  two  reflections ;: 
suppose  the  ray  t  r  to  be  entering  the  drop  b  alt  r.  It  is  re^ 
meted  at  r,  reflected  at  «,.  reflected  again  at  t,  and  refracted 
as  it  goes  out  at  ti,  whence  it  proceeds,  being  separated,  to  thii- 
spectator  at  g.  Here  the  colours  are  reversed;  the  angle- 
formed  by  the  red  ray  is  less  than  that  formed  by  the-  violet. 

J,  Does  the  same  thing  happen  with  regard  to  a  whole  shower^ 
as  you  have  shown  with  respect  to  the  two  drops  P 

T,  Certainly ;  and  by  the  constant  falling  of  the  rain,  th& 

image  is  preserved  constant 
and  perfect.  Here  is  the  re- 
presentation of  the  two  bow&4 
The  rays  come  in  the  direc'^ 
tion  s  A,  and  the  spectator 
Fig.  89.  stands  at  x,  with  his  back  to 

the  sun,  or,  in  other  words,  he  must  be  between  the  sun  and 
the  shower. 

This  subject  may  be  shown  in  another  way  ;  if  a  glass  globule 
filled  with  water  be  hung  sufficiently  high  before  you,  when  the 
sun  is  behind,  to  appear  red,  let  it  descend  gradually,  and  you 
will  see  in  the  descent  all  the  other  six  colours  follow  one 
another.  Artificial  rainbows  may  be  made  with  a  common 
watering  pot,  but  much  better  with  a  syringe  fixed  to  an  arti- 
ficial fountain ;  and  I  have  seen  one  formed  by  spirting  up 
water  from  the  mouth  :  it  is  often  seen  in  cascades,  the  foaming 
of  the  waves  of  the  sea,  in  fountains,  and  even  in  the  dew  on 
the  grass. 

Dr.  Langwith  has-  described  a  rainbow,  which  he  saw  lying 
on  the  eround,  the  colours  of  which  were  almost  as  lively  as 
those  of  the  common  rainbow.  It  was  extended  several  hun- 
dred yards ;  and  the  colours  were  so  strong,  that  it  might  have 
been  seen  much  farther,  if  it  had  not  been  terminated  hj  |l  bank^ 
A22d  t^e  hedge  of  a  field* 
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Kainbows  have  also  been  produced  bj  the  Reflection  of  the 
8un*s  beams  from  a  river;  and  Mr.  Edwards  describes  one, 
which  must  have  been  formed  by  the  exhalations  c^  the  citj 
of  London,  when  the  sun  had  been  set  twenty  mUmtea* 


CONVERSATION  XX, 
Of  the  Refro/cting  Telescope, 

T,  We  may  now,  as  you  are  at  leisure,  proceed  to  describe 
the  structure  of  telescopes,  of  which  there  are  two  kinds*  viz. 
the  refracting  and  the  reflecting  tekscc^. 

C  The  former,  or  refracting  telescope,  depends,  I  suppose, 
upon  lenses  for  the  operation ;  and  the.  reflecting  telescope  acts 
chiefly  by  means  of  mirrors. 

T,  Yes :  these  are  the  general  grounds  of  the  distinction ; 
and  we  shall  devote  this  mornii^  to  the  explanation  of  the 
refracting  telescope.    Here  is  one  completely  ntted  up« 

J.  It  consists  of  two  tubes  and  two  classes* 

T.  The  tubes  are  intended  to  hold  the  glasses,  and  to 
confine  the  boundary  of  the  view.  I  will  therefore  explain  the 
principle  by  the  following  flgure,  in  which  is  represented  the 


Flg.iO. 

eye  a  b,  the  two  lenses  mno  py  and  the  object,  x  y.  The  lens 
o  p,  which  is  nearest  the  object,  is  called  the  object-glass,  and 
that  m  n,  nearest  to  the  eye,  is^  called  the  eye-glass. 

C«  Is  the  object-glass  a  double  convex,  and  the  eye-glass  a 
double  concave  ? 

T.  It  happens  so  in  thia  particular  instance,  but  it  is  not  ne- 
cessary that  the  eye-glass  should  be  concave ;  the  object-glass 
must,  however^  in  all  cases,  be  convex. 

C  I  see  exactly,  from  the  figure,  why  the  eye-glass  is  con* 
cave  :  for  the  convex  lens  eonveru^es  the  rays  too  quickly,  and 
the  focus  by  that  glass  alone  would  be  at  b  ;  and  therefore  the 
concave  is  put  near  the  eye  to  make  the  rays  diverge  so  much 
as  to  throw  them  to  the  retina  before  they  come  to  a  focus. 

T.  But  that  is  not  the  only  reason :  by  coming  to  a  focus  at 
B,  the  image  is  very  small,  in  comparison  of  what  it  i&  when  thQ 
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image  is  formed  on  the  retina,  bj  means  of  the  concmTe  lens. 
Can  Tou,  James,  explain  the  reason  of  all  tlie  lines  which  joa 
see  in  the  figure  ? 

J.  I  think  I  can ;  there  are  two  jtencils  of  rajs  flowing  from 
the  extremities  of  the  arrow,  which  is  the  object  to  be  Tiewed. 
The  rays  of  the  pencil  flowing  from  x  go  on  diTer^^ng  till  thej 
reach  tho  convex  lens  o  />,  when  thej  will  be  so  refiracted,  bf 
passing  through  the  glass^  as  to  converge  and  meet  in  the  point 
T,  Now  the  same  may  be  said  of  the  pencil  of  rajrs  which  comes 
from  y ;  and,  of  course,  of  all  the  pencils  of  rajs  flowing  from 
the  object  between  x  and  jf.  So  that  the  image  of  the  arrow 
would,  bj  the  convex  lens,  be  formed  at  a. 

T,  And  wlint  would  happen  if  there  were  no  other  glass  ? 

J,  The  ravs  would  cross  each  other  and  be  divergent,  so  that^ 
when  they  got  to  the  retins,  there  would  be  no  distinct  image 
formctl,  but  every  point,  as  x  or  jf,  would  be  spread  over  a  large 
space,  and  the  image  would  be  confused.  To  prevent  this,  the 
concave  lens  m  n  is  interposed :  the  pencil  of  ray s,  which  would^ 
bj  the  convex  glass,  converge  at  x,  will  now  be  made  to  diveige, 
so  as  not  to  come  to  a  focus  till  they  arrive  at  the  retina ;  and 
the  pencil  of  ravs  which  would  by  the  convex  glass  have  come 
to  a  point  nt  y,  will,  by  the  interposition  of  the  concave  lens,  be 
made  to  diven^e  so  much  as  to  throw  the  focus  of  the  rajs  to  b 
instead  of  y.    ay  thfs  means  the  image  of  the  object  is  magnified. 

T,  Can  you  tell  the  reason  why  the  tubes  require  to  be  drawn 
out  more  or  less  for  different  persons  P 

C  The  tubes  are  to  be  adjusted  in  order  to  throw  the  focus 
of  rays  exactly  on  the  retina :  and,  as  some  eyes  are  more  convex 
than  others,  the  length  of  the  focus  will  vary  in  difierent  per- 
sons ;  and  by  sliding  the  tube  up  and  down,  this  object  is  obtained. 

T,  Refracting  telescopes  are  used  chiefly  for  viewing  terres- 
trial objects ;  two  things,  therefore,  are  requisite  in  them  :  the 
first  is,  that  they  should  show  objects  in  an  upright  position,  that 
IS,  in  the  same  position  that  we  see  them  without  glasses ;  and 
the  second  is,  that  they  shall  afibrd  a  \20rge  field  of  view, 

J.  What  do  you  mean,  sir,  by  a  field  of  view  ? 

T,  All  that  part  of  a  landscape  which  may  be  se^  at  once, 
without  moving  the  eye  or  instrument.  Now,  in  looking  on  the 
figure  again,  you  will  perceive,  that  the  concave  lens  throws  a 
number  of  the  rays  beyond  the  pupil  c  of  the  eye  on  to  the  iris 
on  both  sides,  but  those  only  are  visible,  or  go  to  form  an  image, 
which  pass  through  the  pupil ;  and,  therefore,  bv  a  telescope 
made  in  this  way,  the  middle  part  of  the  object  only  is  seen,  or, 
In  other  words,  the  prospect  is  by  it  very  much  diminished, 
C  How  is  that  remedied  ? 
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T.  By  substitutinjy  a  double  convex  eye-glass  g  h  instead  of 
the  concave  one.  Here  the  focus  of  the  double  convex  lens  is 
at  £,  and  the  glass  g  h  must  be  so  much  more  convex  than  o  p 
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as  that  its  focus  may  be  also  at  e  :  for  then  the  rays  flowing  front 
the  object  x  y^  and  passing  through  the  object-glass  o  p,  will 
form  the  inverted  image  rriBd.  Now,  by  interposing  the  double 
convex  g  h,  the  image  is  thrown  on  the  retina,  and  it  is  seen 
under  the  large  angle  Dec;  that  is,  the  image  m^  d  will  be 
magnified  to  the  size  c  £  d. 

J,  Is  not  the  image  of  the  object  in  the  telescope  inverted  ? 

T,  Yes,  it  is  ;  for  you  see  the  image  on  the  retina  stands  in 
the  same  position  as  the  object ;  but  we  always  see  things  by 
having  the  images  inverted ;  and,  therefore,  whatever  is  seen 
by  telescopes  constructed  as  this  is,  will  appear  inverted  to  the 
spectator,  which  is  a  very  unpleasant  circumstance  with  regard 
to  the  terrestrial  objects  ;  it  is  on  that  account  chiefly  used  for 
celestial  observations. 

C.  Is  there  any  rule  for  calculating  the  magnifying  power  of 
this  telescope  ? 

T,  It  magnifies  in  proportion  as  the  focal  distance  of  the  ob* 
ject-glas^  is  greater  than  the  focal  distance  of  the  eye-glass. 
Thus,  if  the  focal  distance  of  the  object-glass  is  ten  inches,  and 
that  of  the  eye-glass  only  a  single  inch,  the  telescope  magnified 
the  diameter  of  an  object  ten  times ;  and  the  whole  surface  of 
the  object  will  be  magnified  a  hundred  times. 

C  Will  a  small  object,  as  a  silver  penny  for  instance,  appear 
a  hundred  times  larger  through  this  telescope  than  it  would  by 
the  naked  eye  P    * 

T,  Telescopes,  in  general,  represent  terrestrial  objects  to  be 
nearer  and  not  larger:  thus  looking  at  the  silver  penny  a 
hundred  yards  distant,  it  will  not  appear  to  be  larger,  but  at 
the  distance  only  of  a  single  yard. 

J,  Is  there  no  advantage  sained,  if  the  focal  distance  of  the 
eye-glass  and  of  the  object-glass  be  equal  ? 

T,  None ;  and,  therefore,  in  telescopes  of  this  kind,  we  have 
only  0  increase  the  focal  distance  of  the  object-glass,  and  to 
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diiiiuii§h  tlie  focal  dittaaee  of  Uie  eje-glu^  to  sngment  die 
nuffnifVing  power  to  mlmost  ukj  degree. 

C.  Cmn  joa  ctrrj  this  principle  to  any  extent? 

T.  Xot  altogether  so :  an  object-glass  of  ten  feet  focal  dis- 
tance will  require  an  eje-glaas  whose  focal  distaooe  is  rather 
more  than  two  inches  and  a  half;  and  an  object-glan  with  a 
focal  distance  of  a  hundred  feet  must  have  an  eje-|^as8  whose 
focus  must  be  about  six  inches  from  it.  How  much  will  eadi 
of  these  glasses  magnify  ? 

C  Ten  feet  dirided  bj  two  inches  and  a  half  give  for  a  quo- 
tient forty-eight;  and  a  hundred  feet  dirided  bj  six  inches 
giTe  two  hundred :  so  that  the  'former  magnifies  for^-eight 
tifiies,  and  die  latter  two  hundred  timet. 

T.  Refracting  telescopes,  ibr  yiewing  terrestrial  objects,  ip 
order  to  show  them  in  their  natural  posture,  are  usually  coq-» 
structed  with  one  object-glass  and  tluee  eye-glasses,  the  focal 
distance  of  these  last  being  equaL 

J.  Do  you  make  use  of  the  same  method  in  calculating  thQ 
magnifying  power  of  a  telescope  constructed  in  this  way,  as  tou 
dldintiieTast? 

T.  Yes;  the  three  glasses  next  the  eye  having  their  foca) 
distances  equal,  the  magnifying  power  is  found  by  dividing  the 
focal  distance  of  the  object-gUw  b^  the  focal  distance  of  one  of 
the  eye-glasses.  AVe  have  now  said  as  much  on  the  subject  as 
is  necessary  to  our  plan. 

C,  What  is  the  construction  of  opera-glasses,  that  are  qq 
much  used  at  the  theatre  ? 

T.  The  opera-glass  is  nothing  more  than  a  short  refracting 
telescope. 

The  night  telescope  is  only  about  two  feet  long ;  it  represents 
objects  inverted,  much  enlightened,  but  not  ^eatly  magnified. 
It  is  used  to  discover  objects,  not  very  distant,  but  which 
^nnot  otherwise  be  seen  for  want  of  sufficient  light. 

The  transit  instrument  is  a  refracting  telescope  permanently 
fixed  in  the  direction  north  and  south ;  its  axis  is  conical  fmd 
holloa,  and  is  firmly  supported  on  stone  columns.  It  i^. 
directed  to  the  soutn,  and,  consequently,  to  the  meridian  ;  \% 
luu  free  motion  up  and  down  iu  the  meridian,  but  cannot  be 
moved  out  of  it.  Xt  is  used  for  observing  the  transits  of  atars^ 
or  their  passage  past  the  meridian.  Within  the  tube  SLveJive^ 
seven,  or  nine  vertical  lines,  constructed  of  spider  web  or  ^n^ 
platinum  wire,  iind  one  horizontal  line.  The  stars  are  watched 
as  tbey  pass  these  lines,  and  the  times  are  noted.  As  very  few 
startf,  even  with  the  best  object-glasses,  can  be  seen  by  day, 
thi4  instrument  is  mostly  used  at  night.  ...  :  > 
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'    C  But  hoir  caa  the  fine  threads  be  seen  in  the  dark  ?- 

T,  I  was  about  to  tell  jou,  that  a  lamp  is  placed  opposite 
the  hollow  axle;  Ha  light  is  received  by  a  reflector  placed 
within  the  tube  of  the  telescope,  but  not  in  the  way  of  the 
view ;  thence  it  is  reflect^  ^  as  either  to  Uluminate  the  whole 
field  of  view  ^nd  leave  th^  wires  as  dark  lines,  or  to  illuminate 
the  wires  and  leave  the  field  of  view  dark,  and  to  give  any 
intermediate  amount  of  illumination.  The  simplest  mode  of 
effecting  these  various  illuminations  is  contrived  by  Mr.  Simms, 
who  mad^  the  9urror  movable^  and  furnished  it  with  refiectlpg 
prisms. 


CONVERSATION  XXI, 
OfReflecHi^  Telescopes. 

T.  This  is  a  telescope  of  a  different  kind,  and  is.  called  9 
reflecHng  telescope. 

The  great  inconvenience  attending  refracting  telescopes  i^ 
their  length,  and,  on  that  account,  they  are  not  very  much 
ysed  when  high  powers  are  required.  A  reflector  of  six  feet 
long  will  magnify  as  much  as  a  refractor  of  a  hundred  feet. 

•/.  Are  these,  like  the  refiractino*  telescopes,  mMe  vq,  different  ^ 
ways  ? 

T,  They  were  invented  by  Sir  Isaac  Newton,  but  have  been 
greatly  improved  since  his  tirne^    The  following  figure  will  lead 
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to  a  description  of  one  of  those  most  in  use^  t  t  represent^ 
the  large  tub^  and  i  t  the  small  tube  of  the  telescM»e,  at  one 
end  of  which  is  d  f,  a  concave  mirror,  with  a  hole  in  tne  middle 
at  p,  the  principal  focus  of  which  is  at  x  k  ;  opposite  to  the  hole 
p  is  a  small  mirror  li,  concave  towards  the  great  one ;  it  is  fixed 
pn  a  strong  wire  m,  and  may,  by  means  of  a  long  screw  on  the 
outside  (^  the  tube,  be  made  to  move  backwards  or  forwards* 
^  B  is  a  remote  object ;  from  which  rays  viU  flow  to  the  great; 
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J.  AikI  T  4CC  yon  hare  taken  onlj  two  ra/i  of  a  pencil  6obi 

Xho  top,  ami  two  from  the  bottom. 

7*.  And  in  onlcr  to  trace  the  progrcM  of  the  reflectkma  nd 
n*rrfif'tion%  the  up|>er  ones  are  represented  hy  full  lines,  the 
lowftr  r»nirM  by  dotlGfl  lines.  Now  the  rajs  at  c  and  ■  filliiij 
ij[Kin  rhf!  mirror  upon  i>  and  r,  are  reflected,  and  fionn  an  ia« 
vcrtfi'l  imn^e  at  m. 

(\  fn  thtrn*  anything  there  to  receive  tlie  imi^e? 

7\  So :  and  therefore  they  go  on  towards  the  reflector  x, 
thr;  rayfl  frr>m  difTurent  |»art8  of  the  object  croasui^  one  another 
a  litrlr  iHTforn  thpy  reach  l. 

J.  f  )<M'M  not  the  hole  at  p  tend  to  distort  the  immge  ? 

T.  Not  At  all ;  the  only  defect  is  that  there  is  less  light. 
From  rh(!  mirror  l  the  rays  arc  reflected  nearly  parallel  thioogh 
r;  thfTi!  tlioy  have  to  {laflfl  the  plano-convex  lens  n,  which 
CA1HCN  them  to  converge  at  a  b,  and  the  image  is  now  painted 
in  tlin  fimnll  tiit>c  near  the  eye ;  and  having  brought  the  innge 
of  th(!  object  H^)  nigh  as  at  a  &,  we  magnify  it  hj  the  plano- 
f^mvcx  lf;nM  H.  It  will  appear  as  large  mc  dj  that  is,  the  imagis 
in  HfM'fi  under  the  angle  cjfd. 

(\  How  do  you  estimate  the  magnifying  power  of  the  le- 
flcrlini^  t<;I(»(cop<!  ? 

7*.  l*li(!  rul»  is  thin :  ^  Multiply  the  focal  distance  of  the 
Inrgc  mirror  by  tlic  difitancc  of  the  small  mirror  from  the 
image  ;// ;  then  multiply  the  focal  distance  of  the  small  mirror 
by  tlic  frM:nl  diittancc  of  the  eye-glass ;  and  divide  these  two 
pnMlu(;tM  by  one  another,  and  the  quotient  is  the  mag^ifjing 
|M>wcr." 

J.  It  \n  not  likely  that  we  should  know  all  these  in  any  in- 
strument wc  pOftSCSS. 

7\  The  following,  then,  is  a  method  of  finding  the  same  thing 
by  experim(!nt :  "  (Observe  at  what  distance  you  can  read  anj 
lxM)k  with  tlic  naked  eye,  and  then  remove  the  book  to  the 
fartlu^Mt  diHtuncc  at  which  you  can  distinctly  read  by  means  of 
the  tcleM(;o[)C,  and  divide  the  latter  by  the  former.** 

The?  powcrH  of  difTerent  telescopes  may  be  readily  tried  and 
compared,  by  looking  at  double  stars,  and  observing  whether, 
and  how  far,  they  separate  them.  This  refers  to  telescopes  of 
high  powers. 

C.  Had  not  the  late  Dr.  Herschel  a  very  large  reflecting 
telescope  ? 

T,  lie  mode  many,  but  the  tube  of  his  grand  telescope  was 
nearly  40  feet  long,  and  4  feet  10  inches  in  diameter.  The 
concave  surface  of  the  great  mirror  is  48  inches  of  polished  but* 
face  in  diameter,  and  it  magnifies  6000  times.  This  noble  in8tru« 
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ment  cost  the  Doctor  four  years'  severe  labour  ?  it  was  finished 
August  28.  1789,  on  which  daj  was  discovered  the  sixth  satellite 
of  Saturn. 

C.  I  should  like  to  know  what  Newton's  or^p&al  arrange-* 
ment  was. 

T.  Instead  of  looidng  in  at  llie  small  mirror,  through  a  hole 
in  the  larger  one,  he  placed  the  small  one  at  an  angle,  and 
looked  in  at  it  through  a  hole  in  the  side  of  the  tube. 

C.  What  is  an  achromatic  telescope  ? 

T.  Do  you  remember  your  having  observed  coloured  figures 
around  every  object  that  you  viewed  "«<rith  the  pocket  telescope 
which  your  cousin  purchased  at  the  fair  ?  Now  these  coloured 
figures  appear  in  a  greater  or  less  degree  about  objects  viewed 
with  all  ordinary  telescopes ;  they  arise  from  what  is  termed 
chromatic  aberration.  If  you  look  at  a  lense  edgewise,  you  will 
see  that  it  is  really  two  prisms,  joined  at  their  bases  in  the 
convex,  and  at  their  points  in  the  concave,  and  then  rounded 
off.  Now  prisms  analyse  light  into  its  component  colours ;  and 
80  do  lenses,  though  not  to  so  great  an  extent,  because  they  are 
not  prisms  of  the  most  favourable  form.  But  by  making  a  com- 
pound lens  of  a  fiint-glass  concave  lens,  and  a  crown  glass 
convex  lens,  the  dispersive  powers  nearly  neutralize  each  other, 
and  an  almost  colourless  object  is  obtained.  Dr.  Blair  ob« 
tained  a  perfectly  achromatic  lens  by  confining  muriatic  acid 
between  two  lenses  of  fiint-glass. 

C  Was  Herschel's  the  largest  telescope  ever  made  ? 

T.  Until  very  lately  it  was.  But  it  is  now  far  surpassed  by 
the  monster  telescope  made  by  Lord  Kosse.  The  reflector  is 
six  feet  in  diameter ;  it  is  made  of  an  alloy  of  copper  and  tin, 
in  the  proportion  of  126*4  of  the  former  to  58*9  of  the  latter. 
These  numbers  represent  the  atomic  weights  or  combining 
equivalents  of  these  two  metals  ;  but  you  will  understand  these 
terms  better  when  we  talk  gq  chemical  science.  It  is  of  the 
enormous  weight  of  three  tons.  By  immense  perseverance, 
joined  to  very  great  ingenuity,  the  nMe  philosopher  overcame 
a  host  of  apparently  insurmountable  difficulties,  and  arrived  at 
absolute  certainty  m  casting  perfect  specula.  The  machine  by 
which  the  surface  was  ground  and  polished  is  another  illustra- 
tion of  first-rate  mechanical  ingenuity.  The  tube  of  the  tele- 
scope is  56  feet  long ;  the  focal  length  of  the  speculum  52  feet. 
The  diameter  of  the  tube  is  seven  feet ;  it  is  made  of  inch-deal 
hooped  with  iron.  It  is  fixed  to  solid  masonry  by  a  universal 
joint ;  and  by  means  of  walls,  and  scaffolds,  and  ropes,  and 
counterpoises^  it  con  be  directed  to  e:verj  requisite  point  of  the 
iieavens* 
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C  And  what  discoTeries  hure  been  nukle  with  'tins  inslrap 
Bent? 

T.  His  lordship  has  not  published  his  unfinished  reaesrdies; 
bat  sereral  &cts  hare  oome  to  us.  Its  msgnifying  power  is  so 
great,  that  objects  soon  pass  from  the  field  of  Tiew.  The  BMMt 
startling  proof  of  its  superioritj  is  the  great  qnutftHy  of  I%fat 
it  presents;  so  that  manj  lunar  phenomean  iHii^  had  noi 
been  seen  before  hare  now  presented  themsdres.  Lord  BoaMi's 
great  expectations  are  in  the  PTimination.  of  double  stars  and 
oebuhe. 

C.  What  are  nebuhe  ? 

T.  The  milk  J  way  b  a  nebula*  or  doud  of  stara^  of  whidionr 
•on  is  one ;  but  out  beyond  this  sjstem  are  numerous  odier 
systems,  which,  under  ordinary  powers,  appear  merely  as  a  misi^ 
or  nucleus  of  light;  higher  powers  have  reeolveid  moat  of 
them  into  stars :  but  there  are  some  that  hare  still  maintained 
their  nebulous  character  under  the  highest  powers  that  hare 
been  employed  ;  so  much  fo,  that  some  philosophers  haye  been 
induced  to  think  that  ereatlTe  power  is  first  manifested  in  the 
production  of  nebulous  matter ;  and  that  these  gradually  con*- 
centrate  and  become  consolidated  into  suns  or  planets.  But 
the  revelations  of  Lord  Rosse^s  telescope  tend  to  the  oyerthrow 
of  this  theory^ 

C  Can  you  tell  us  any  more  about  this  glorious  instrument? 

T,  The  whole  was  executed  at  the  sole  expense  of  this  spi- 
rited and  talented  nobleman,  in  his  own  laboratory  and  w(vk- 
shops  at  Farsonstown,  immediately  under  hb  own  eye,  by 
artisans  instructed  by  himself.  It  cannot  have  cost  less  thaii 
twelve  thousand  pounds,  besides  the  large  sums  that  hare  beea 
sunk  in  unsuccessful  experiments.  The  character  given  of  hiis 
lordship  is,  '^  talent  to  divine — patience  to  bear  disappointment 
—perseverance — profound  mathematical  knowledge — meefaar 
nlcal  skill-— uninterrupted  lebure  from  other  pursuits;**  all  of 
which  are  brought  to  bear  by  hb  having  *^  a'great  command  of 
money.**  I  should  mention  that  he  miule  first  a  three-feet 
fiectiog  telescope^ 


CONVERSATION  XXTI. 

Of  the  Microscope — Its  Principle — Of  the  Single  Microscope. 

Of  the  Compound  Microscope — Of  the  Solar  Microscope, 

T»  We  are  now  to  describe  the  microsco|^  which  b  an  in- 
Itruinent  for  viewing  very  small  objects.  Xou  know  that,  in 
general,  persons  who  have  good  sight  cannot  distinctly^  view^  9^ 
object  at  a  nearer  distance  than  about  six  or  eight  inches. 
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C  I  cannot  read  a  bbok  at  a  shorter  dlstande  tBan  this ;  but 
if  I  look  through  a  smaU  hole  made  with  a  pin  or  needle  in  a 
sheet  of  brown  paper,  I  can  read  at  a  very  small  distance  indeed. 

T,  You  mean,  that  the  letters  appear,  in  that  case,  very  much 
magnified,  the  reason  of  which  is,  that  you  are  able  to  see  at  a 
much  shorter  distance'  in  this  way  than  you  can  without  the  in^ 
iervention  of  the  paper.  Whatever  instrument  or  contrivance 
can  render  minute  objects  visible  and  distinct  is  properly  a 
microscope. 

J.  If  I  look  through  the  hole  in  the  pap^,  at  the  distance  of 
five  or  six  inches  from  the  print,  it  is  not  magnified. 
te  T,  The  object  must  be  brought  near  to  increase  the  angle  by 
which  it  is  seen  ;  this  is  the  principle  of  all  microscopes,  from 
the  single  l^is  to  the  most  compound  instrument.   ▲  is  an  object 


Fig.  43. 

not  clearly  visible  at  a  less  distance  than  a  n ;  but  if  the  same 
object  be  placed  in  the  focus  of  a  lens,  the  rays  which  proceed 
from  it  will  become  parallel^  by  passing  through  the  said  lens  ; 
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and  theref(»*e  the  object  is  distinctly  visible  to  the  eye  if  placed 
anywhere  before  the  lensw  There  are  four  distinctions  in  mi- 
croscopes: the  single,  the  compound,  the  solar,  and  the  oxy 
hydrogen* 

C»  Does  the  single  microscope  consist  only  of  a  lens  ? 

T,  By  means  of  a  lens,  a  great  number  of  rays  proceedim^ 
from  a  point  are  united  in  the  same  sensible  point ;  and  as  ea£ 
ray  carries  with  it  the  image  of  the  point  from  whence  it  pro- 
ceeded, all  the  rays  united  must  form  an  image  of  the  object. 

J,  Is  the  image  brighter  in  proportion  as  there  are  more  rayd 
united  P 

T.  Certainly :  and  it  is  more  distinct  in  proportion  as  their 
natural  order  is  preserved.  In  other  words,  a  single  microscope 
or  lens  removes  the  confusion  that  accompanies  objects  when 
seen  very  near  by  the  naked  eye ;  and  it  magnifies  the  diameter 
of  the  object,  in  proportion  as  the  focal  distance  is  less,  than  the 
limit  of  distinct  vision,  whieh  we  may  reckon  from  about  six  to 
^ight  inches. 
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C  If  the  focal  distance  of  a  reading-glass  be  four  inches,  does 
it  magnifj  the  diameter  of  each  letter  onlj  twice? 

T,  Exactly  so ;  but  the  lenses  used  in  microscopes  are  often 
not  more  than  4^,  or  ^  or  even  ^^^  of  an  inch  radius. 

J,  And  in  a  double  convex  the  focal  distance  is  always  equal 
to  the  radius  of  convexity. 

T,  Then  tell  me  how  much  lenses  of  i,  ^  aad  ^^  of  an  inch 
will  each  magnify. 

J.  That  is  readily  done :  by  dividing  8  inches,  the  limit  of 
distinct  vision,  by  j^,  -1^,  and  ^. 

C.  And  to  divide  a  whole  number,  as  9,  by  a  fraction,  as  j^, 
&c.,  is  to  multiply  the  said  number  by  the  denominator  of  the 
fraction :  of  course,  6  multiplied  by  4  gives  32 ;  that  is,  the  lentT 
whose  radius  is  |^  of  an  inch  magnines  the  diameter  of  the  object 
32  times. 

J.  Therefore  the  lenses  of  which  the  radii  are  i  and  ^^y,  will 
magnify  as  8  multiplied  by  8,  and  8  multiplied  by  20 ;  that  is, 
the  former  will  magnify  64  times,  the  latter  160  tunes,  the  dia- 
meter of  an  object. 

T,  You,  see,  then,  that  the  smaller  the  lens,  the  greater  it» 
magnifying  power.  Dr.  Hooke  says,  in  his  work  on  the  micro* 
scope,  that  he  has  made  lenses  so  small,  as  to  be  able,  not  only 
to  aistinguish  the  particles  of  bodies  a  million  times  smaller  than 
a  visible  point,  but  even  to  make  those  visible  of  which  a  million 
times  a  million  would  hardly  be  equal  to  the  bulk  of  the  smallest 
grain  of  sand. 

C.  I  wonder  how  he  made  them. 

T,  I  will  give  you  his  description :  he  first  took  a  very  narrow 
and  thin  slip  of  clear  glass,  melted  it  in  the  flame  of  a  candle  or 
lamp,  and  drew  it  out  into  exceedingly  fine  threads.  The  (nd  of 
one  of  these  threads  he  melted  again  m  the  flame,  till  it  ran  into 
a  very  small  drop,  which,  when  cool,  he  fixed  in  a  thin  plate  of 
metal,  so  that  the  middle  of  it  might  be  directly  over  the  centre 
of  an  extremely  small  hole  made  in  the  plate.    Here  is  a  very 

^i    convenient  single  microscope. 

^4^v~ A:::^'¥^V-'--..l!! -^t      •^'  ^*  ^^*  ""^^  seem,  at  first 

ir'/^"^^^ '      "^^  Bight,  so  simple  as  those  which 

"^^     you  have  just  now  described. 

T.  ▲  is  a  circular  piece  of  brass, 
or  it  may  be  made  of  wood,  ivory, 
&c.,  in  the  middle  of  which  is  a 
very  small  hole ;  in  this  is  fixed 
a  small  lens,  the  focal  dbtance  is 
o  D ;  at  that  distance  is  a  pair  of 
'**•  **•  pilars  D  B,  which  may  be  a^  usted 
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• 
by  tlie  sliding  screw  B,  and  opened  by  means  of  two  little  studs 
ae;  with  these  any  small  object  may  be  taken  up  and  viewed 
with  the  eye  placed  at  the  other  focus  of  the  lens  at  f,  to  which 
it  will  appear  magnified,  as  at  i  m.  Let  us  now  look  at  a  doublf^ 
or  compound  microscope, 

J,  Eu)w  many  glasses  are  there  in  this  ? 

T,  There  are  two ;  and 
the  construction  of  it 
may  be  seen  by  this 
figure \  c  dis  called  the 
Cbject'glafis,  and  ef  the 
eye>glass.  The  small 
object  a  h  IS  placed  a 
little  farther  from  the 

glass  c  d  than  its  princi-  ^**^  *** 

pal  focus,  so  that  the  pencils  of  rays  flowing  from  the  difierent 
points  of  the  object,  and  passing  through  the  glass,  may  be  made 
to  converge  and  unite  in  as  many  points  between  g  and  h^  where 
the  image  of  the  object  will  be  formed.  This  image  is  viewed  by 
the  eye-glass  ef^  which  is  so  placed  that  the  image  g  h  may  be  in 
the  focus,  and  the  eye  at  about  an  equal  distance  on  the  other 
side ;  the  rays  of  each  pencil  will  be  parallel,  after  going  out  of 
the  eye-glass,  as  at  e  and/,  till  they  come  to  the  eye  at  A,  by  the 
humours  of  which  they  will  be  converged  and  collected  into 
points  on  the  retina,  t^nd  form  the  large  inverted  image  a  b. 

C,  Fr&y,  sir,  how  do  you  calculate  the  magnifying  power  of 
this  microscope  P 

T.  There  are  two  proportions,  which,  when  found,  are  to  be 
multiplied  into  one  another :  1st,  as  the  distance  of  the  image 
from  the  object-glass  is  greater  than  its  distance  from  the  eye- 
glass ;  and  2nd,  as  the  distance  from  the  object  is  less  than  the 
limit  of  distinct  vision.* 

Example  1.  If  the  distance  of  the  image  from  the  object-glass 
be  4  times  greater  than  from  the  eye-glass,  the  magnifymg  power 
of  4  is  gained ;  and  if  the  focal  distance  of  the  eye-glass  be  one 
inch,  and  the  distance  of  distinct  vision  be  considered  at  7  inches, 
the  magnifying  power  of  7  is  gained,  and  7x4  gives  28 ;  that  is, 
the  diameter  of  the  object  will  be  magnified  28  times,  and  the 
surface  will  be  magnified  784  times. 

J,  Do  you  mean  that  an  object  will,  through  such  a  micro* 
scope,  appear  784  times  larger  than  by  the  na£ed  eye  ? 

«  The  late  Frofetsor  Yince  gave  the  following  rale  for  finding  the  linear  magnifylns- 
power  of  a  compound  microscope  t  — ^  It  is  equal  to  the  least  diatance  of  diatinct  yiaion. 
ftmltipUed  by  the  diatance  of  the  image  firom  tlie  object-glass,  divided  by  the  distuioo  of 
tbe  ol^cct  from  the  object-glaw,  multiplied  by  the  focal  length  of  tlie  eye-glass."^ 


T.  '^es,  I  do ;  provided  die  limit  of* distinct  TiBion  be  7  iaeket ; 
but  some  perMna  who  kre  short-sighted,  can  see  u  distincUy  at 
5  or  4  inches  as  another  can  at  7  or  8 ;  to  the  former,  the  object 
will  not  Mpear  so  large  as  U>  the  latter. 

Example  2.  What  will  a  microscope  of  this  kind  magnify  to 
three  diSerent  persons,  whose  eyes  are  bo  formed  an  to  see  dis- 
tinctlj  at  the  distance  of  6,  7,  and  8  inches,  bj  the  naked  eyei 
aupposing  the  imaee  of  the  object-glass  to  be  five  times  as  distant 
as  from  the  eje-glasg,  and  the  focal  diatance  of  the  eje-glaai  be 
odI  J  the  tenth  part  of  an  inch  ? 

C.  As  five  is  gained  hj  the  distances  between  the  glasses,  and 
60,  70,  and  80  by  the  eje-glasa,  the  magnifying  powers  will  be 
B3  300,  350,  and  400. 

J.  How  is  it  that  60,  70,  and  80  are  gained  by  the  eye-gloes  P 

C.  Because  tb^  distances  of  distinct  vision  are  put  at  6, 7,  and 
8  inches,  and  these  are  to  be  divided  by  the  focal  distance  of  the 
eye-glass,  or  b^  -X '  ^"^  ^°  divide  a  whole  number  by  a  liractioD, 
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we  must  multiply  that  number  by  the  denominator,  or  lowe^ 
figure  in  the  fraction ;  therefore,  the  power  gained  by  the  distance 
between  the  two  glasses,  or  5,  must  be  mtthiplied  by  60,  70,  ot 
80.  And  the  surface  of  the  object  will  be  magnified  in  propor- 
tion to  the  square  of  300, 350,  or  400,  that  is,  as  90,000,  122,500, 
or  160,000. 

T.  We  now  come  to  the  solar  microscope,  which  is  by  far  the 
most  entertaining  of  them  all,  because  the  image  is  mutji  larger, 
and,  being  thrown  on  a  sheet,  or  other  white  surface,  may  be 
viewed  by  many  spectators  at  the  same  time,  witbont  any  fatigue 
to  the  eye.  Here  is  one  fixed  in  the  window- shutter ;  but  I  can 
explain  its  construction  best  by  a  figure. 

J.  There  is  a  lot^ing-^lass  im  the  Outside  of  the  window. 

T.  Yes,  tbe  solar  microscope  (tea  fig.  47<]  consists  of  a 
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looking>glass  s  o  without,  the  lens  a  fr  in  the  shutter  d  u,  and 
the  lens  n  m  within  the  dark  mom.  These  three  parts  are 
united  to  and  ia  a  brua  tube.    The  loc&ing-glaai  con  be  tnraed' 
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bj  the  adjusting  screw  so  as  to  receive  tlie  incident  rays  of  the 
sun  8  s  s,  and  reflect  them  through  the  tube  into  toe  room. 
The  lens  a  b  collects  those  rays  into  a  focus  at  nm,  where  there 
is  another  magnifier ;  here,  of  course,  the  rays  cross,  and  divercre 
to  the  white  screen,  on  which  the  image  of  the  object  will  be 
painted. 

C  I  see  the  object  is  placed  a  little  behind  the  focus. 

T,  If  it  were  in  the  focus  it  would  be  burnt  to  pieces  imme- 
diately. The  magnifying  power  of  thb  instrument  depends  on 
the  distance  of  the  sheet  or  white  screen ;  perhaps  about  ten 
feet  is  as  good  a  distance  as  any.  You  perceiye,  that  the  size 
of  the  image  is  to  that  of  the  object  as  the  distance  of  the  former 
from  the  lens  n  m  is  to  that  of  the  latter. 

J,  Then  the  nearer  the  object  to  the  lens,  and  the  farther 
the  screen  from  it,  the  greater  the  power  of  this  microscope. 

T.  You  are  right ;  and  if  the  object  be  only  half  an  inch 
from  the  lens,  and  the  screen  nine  feet,  the  image  will  be  46,656 
times  larger  than  the  object ;  do  you  understand  this  ? 

C,  Yes ;  the  object  being  only  half  an  inch  from  the  lens, 
and  the  image  9  feet  or  108  inches,  or  216  half  inches,  the 
diameter  of  uie  image  will  be  216  times  larger  than  the  dia- 
meter of  the  object,  and  this  number  multiplied  into  itself  will 
give  46,656. 

T.  This  instrument  is  calculated  only  to  exhibit  transparent 
objects,  or  such  as  the  light  can  pass  through  in  part.  For 
opaque  objects,  a  different  microscope  is  used ;  and,  indeed, 
there  is  an  almost  endless  variety  of  microscopes.  But  the 
solar  microscope  is  now  seldom  used ;  for  as  it  aepends  on  the 
shining  of  the  sun  for  light,  in  this  variable  climate  of  ours  it  is 
almost  certiun  of  being  useless  when  most  needed.  The  oxy- 
hydrogen  microscope  is  now  used.  In  this,  instead  of  sunlight, 
the  powerful  light,  produced  by  allowing  a  lighted  jet  of  the 
mixed  gases  oxygen  and  hydrogen  to  play  upon  lime,  is  used. 
In  other  respects,  the  general  construction  of  the  instrument  is 
the  same.  The  perfection  to  which  this  instrument  is  brought 
is  marvellous. 


CONVERSATION  XXIIL 

Of  the  Camera  Ohscura^  Magic  Lantern^  and  Midtipfying 

Glass,  Sfc. 

T,  We  may  now  converse  upon  some  miscellaneous  subjects, 
of  which  the  first  shall  be  the  camera  obscura, 
C  What  is  a  camera  obscura  ? 

B  B 
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T,  The  meaning  of  the  term  is  a  darkened  chamber;  the 
construction  of  it  is  very  simple,  and  will  be  understood  in  a 
moment  by  you,  who  know  the  properties  of  the  convex  lens. 

A  convex  lens,  placed  in  a  hole  in  a  window-shutter,  will  ex- 
hibit, on  a  white  sheet  of  paper  placed  in  the  focus  of  the  glass, 
nil  the  objects  on  the  outside,  as  fields,  trees,  men,  houses,  &c., 
in  an  inverted  order. 

«/.  Is  the  room  to  be  quite  dark,  except  the  light  which  is 
admitted  through  the  lens? 

T.  It  ought  to  be  so ;  and,  to  have  a  very  interesting  picture, 
the  sun  should  shine  upon  the  objects. 

J,  Is  there  no  other  kind  of  camera  obscura  ? 

T,  A  portable  one  may  be  made  with  a  square  box,  in  one 
side  of  which  is  to  be  fixed  a  tube,  having  a  convex  lens  in  it : 
within  the  box  is  a  plane  mirror  reclining  backwards  from  the 
tube,  in  an  angle  of  forty-five  degrees. 

C  On  what  does  this  mirror  reflect  the  image  of  the  object  ? 

T,  The  top  of  the  box  is  a  square  of  unpolished  glass,  on 
which  the  picture  is  formed.  And  if  a  piece  of  oiled  paper  be 
stretched  on  the  glass,  a  landscape  may  be  easily  copied ;  or 
the  outline  may  be  sketched  on  the  rough  surface  of  the  glass. 

J,  Why  is  the  mirror  to  be  placed  at  an  angle  of  45  degrees 
exactly  ? 

T.  The  image  of  the  objects  would  naturally  be  formed  at 
the  back  of  the  box  opposite  to  the  lens ;  in  order,  therefore,  to 
throw  it  on  the  top,  the  mirror  must  be  so  placed,  that  the  angle 
of  incidence  shall  be  equal  to  the  angle  of  reflection.  In  the 
box,  according  to  its  original  make,  the  top  is  at  right  angles  to 
the  end,  that  is,  at  an  angle  of  90  degrees,  therefore,  the  mirror 
is  put  at  half  90,  or  45  degrees. 

C.  Now,  the  incident  rays  falling  upon  a  surface,  which  de- 
clines to  an  angle  of  45  degrees,  will  be  reflected  at  an  equal 
angle  of  45  degrees,  which  is  the  angle  that  the  glass  top  of  the 
box  bears  with  respect  to  the  mirror. 

C  Is  the  tube  in  this  machine  fixed  ? 

T,  No ;  it  is  made  to  draw  out  or  push  in,  so  as  to  adjust  the 
distance  of  the  convex  glass  from  the  mirror,  in  proportion  to 
the  distance  of  the  outward  objects,  till  they  are  distinctly 
painted  on  the  horizontal  glass. 

C,  Has  any  real  use  been  made  of  the  camera  ? 

7.  One  of  the  most  happy  adaptations  of  this  instrument  is 
in  daguerreotype.  You  remember  my  telling  you  that  light 
acted  chemically  on  bodies ;  a  plate  of  silver  having  its  surface 
prepared  with  certain  chemicals  that  are  exceedingly  susceptible 
to  light f  18  placed  in  the  focus  of  a  good  camera,  and  the  picture, 
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instead  of  being  evanescent,  is  so  impressed  ^ipon  the  plate,  that 
a  slight  further  chemical  process  fixes  it.  The  description  of 
the  particular  methods  wul  form  the  subject  of  a  subsequent 
conversation. 

J,  Will  you  now  explain  the  structure  of  the  magic  lantern, 
which  has  lon^  afforded  us  occasional  amusement  ? 

T.  This  litUe  machine  consists,  as  you  know,  of  a  sort  of  tin 
box,  within  which  is  a  lamp  or  candle ;  the  light  of  this  passes 
through  a  great  plano-convex  lens,  placed  in  a  tube  fixed  in  the 
front.  This  strongly  illuminates  the  objects,  which  are  painted 
on  slips  of  glass,  and  placed  before  the  fens  in  an  inverted  posi- 
tion. A  sheet)  or  other  white  surface,  is  placed  to  receive  the 
images. 

C.  Do  you  invert  the  glasses  on  which  the  fi^rures  are  drawn, 
in  order  that  the  images  of  them  may  be  erect  ? 

T.  Yes ;  and  the  illumination  may  be  greatly  increased,  and 
the  efiect  much  more  powerful,  by  placing  a  concave  mirror  at 
the  back  of  the  lamp. 

C  Did  you  not  tell  us  that  the  pkarUasmaeoria^  which  we 
saw  at  the  Lyceum,  was  a  species  of  the  magic  lantern  ? 

T,  There  is  this  difference  between  them :  in  common  magic 
lanterns,  the  figures  are  painted  on  transparent  fflass,  conse- 
quently, the  image  on  the  screen  is  a  circle  of  light  having  a 
ngure  or  figures  on  it ;  but  in  the  phantasmagoria  all  the  glass 
is  made  opaque,  except  the  figure  only,  which,  being  painted  in 
transparent  colours,  the  light  shines  through  it,  and  no  light  can 
come  upon  the  screen  but  what  passes  through  the  figure. 

J,  But  there  was  no  sheet  to  receive  the  picture. 

T,  No :  the  representation  was  thrown  on  a  thin  screen  ot 
silk  placed  between  the  spectators  and  the  lantern. 

C.  What  caused  the  images  to  appear  approaching  and  re- 
ceding ? 

T.  It  is  owing  to  removing  the  lantern  farther  from  the 
screen,  or  bringing  it  nearer  to  it ;  for  the  size  of  the  image 
must  increase  as  the  lantern  is  carried  back,  because  the  rays 
come  in  the  shape  of  a  cone  ;  and,  as  no  part  of  the  screen  is 
visible,  the  figure  appears  to  be  formed  in  the  air,  and  to  move 
farther  off  when  it  becomes  smaller,  and  to  come  nearer  as  it 
increases  in  size. 

C  I  am  sure  the  dissolving  views  must  be  produced  by  a 
magic  lantern.  ^ 

T,  They  are ;  or  rather  by  two  lanterns.  They  are  placed 
side  by  side,  and  just  enough  out  of  a  parallel  to  permit  their 
images  to  fall  on  the  same  part  of  the  screen.  Suppose  yoU  wislt 
to  represent  an  empty  cathedral,  and  tlieii  XSckaX.  \X»  ^^jSlXsi^  ^^- 

BB  2 


372  OPTICS. 

dually  filled  with  worshippers.  Two  views  of  the  cathedral  are 
painted  on  glass  in  transparent  colours,  one  is  full  of  people, 
the  other  is  empty ;  one  view  is  placed  in  each  lantern  :  a  couple 
of  screens  are  fixed  as  arms  to  a  vertical  rod,  and  they  are  so 
arranged  that,  as  the  rod  is.  gradually  elevated  by  rack  work, 
one  screen  moves  in  front  of  one  lantern,  in  proportion  as  the 
other  moves  from  the  other.  So  that  one  view  gradually  dis- 
solves away,  and  the  other  as  gradually  takes  its  place. 

J.  What  is  the  opaque  microscope,  that  so  much  interested 
us  at  the  Polytechnic  P 

T,  Very  much  the  same  sort  of  thing  as  the  magic  lantern ; 
except  that  the  light,  instead  of  passing  through  the  object, 
shines  upon  it,  and  is  reflected  off  through  the  lenses,  and  ^o 
onward  to  the  screen.  This  is  shown  by  the  lime-light  above 
mentioned ;  its  success  depends  on  the  management  of  the  light, 
which  must  be  very  intense,  and  in  large  quantities,  but  must 
not  be  so  dispersed  by  the  mirrors,  as  only  to  illuminate  parts 
of  the  object  instead  of  the  whole.  Mr.  Longbottom,  the  secre- 
tary of  the  Polytechnic,  to  whom  we  are  indebted  for  this  in- 
strument, has  overcome  these  difiiculties.  The  physioscope  is 
the  same  instrument,  employed  to  depict  "the  himian  face 
divine  '*  in  colossal  dimensions  upon  the  screen,  and  is  a  most 
amusing  illustration  of  experimental  optics.  For  this,  also,  we 
are  indebted  to  Mr.  Longbottom.  The  Kalotrope  is  a  modifi- 
cation of  the  dissolving  views. 

J,  Here  is  another  instrument,  the  construction  of  which  you 
promised  to  explain  —  the  midtiplying  glass* 

T,  One  side  of  this  glass  is  cut  into  many  distinct  surfaces, 
and  in  looking  at  an  object,  as  your  brother,  through  it,  you 
will  see,  not  one  object  only,  but  as  many  as  the  glass  contains 
plane  surfaces. 

I  will  draw  a  figure  to  illustrate  this  :  let  a  t  b  represent  a 
glass,  flat  at  the  side  next  the  eye  h,  and  cut  into  three  distinct 
surfaces  on  the  opposite  side,  bb  jl  b,b  d^  d  b.  The  object  c 
will  not  appear  magnified,  but  as  rays  will  flow  from  it  to  all 
parts  of  the  glass,  and  each  plane 
surface  will  refract  these  ravs  to 
the  eye,  the  same  object  will  ap- 
pear to  the  eye  in  the  direction 
of  the  rays  which  enter  it  through 
each  surface.  Thus  a  ray  c  t, 
falling  perpendicularly  on  the 
middle  surface,  will  suffer  no  re- 
fraction, but  show  the  object  in 
Its  true  place  at  c ;  the  ray  from  rig.  48. 
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G  &,  falling  obliquely  on  the  plane  surface,  A  &,  will  be  refracted 
in  the  direction  of  b  e,  and  on  leaving  the  glass  at  «,  it  will  pass' 
to  the  eye  in  the  direction  e  h,  and  therefore  it  appears  at  b  : 
and  the  ray  c  d  will,  for  the  same  reason,  be  refracted  to  the 
eye  in  the  direction  b  h,  and  the  object  c  will  appear  also  at  d. 

If,  instead  of  three  sides,  the  glass  had  been  cut  into  6  or  20, 
or  any  other  number,  there  would  have  appeared  6,  20,  &c. 
different  objects,  differently  situated.  If  with  a  glass  like  this 
you  look  at  a  luminous  object,  as  a  candle,  and  give  to  the 
glass  a  rotatory  motion  in  its  own  plane,  the  numerous  images 
of  the  candle  will  appear  to  move  round  the  central  image,  and 
thus  present  a  very  interesting  picture  incessantly  shifting. 

I  may  mention  one  more  instrument.,  the  camera  lucida.  It 
is  a  four-sided  prism ;  one  of  the  angles  is  a  right  angle  ;  op- 
posite to  this  is  an  angle  of  135° ;  the  other  two  are  each  67^°. 
The  prism  is  so  held  that  the  two  right  sides  are,  one  vertical, 
the  other  upward  and  horizontal :  a  ray  entering  the  vertical 
side  in  a  horizontal  direction,  is  reflected  first  by  one  short 
side,  and  then  by  the  other,  so  that  it  escapes  from  the  hori- 
zontal side  in  a  vertical  direction ;  and  hence  if  the  eye  look 
downwards  in  this  direction,  the  object  appears  beneat  h  it ;  so 
that  if  a  sheet  of  paper  be  placed  in  this  line,  the  object  will 
appear  on  the  paper,  and  a  person  unaccustomed  to  drawing 
may  readily  sketch  it. 


CONVERSATION  XXIV. 
On  Double  Refraction  and  Polarization  of  Light. 

J,  What  is  that  crystal  that  I  see  you  have  carefully  placed 
on  your  table  this  morning  ? 

T,  It  is  Iceland  spar;  and  I  have  produced  it  in  order  to 
lead  you  to  certain  other  phenomena  of  light.  Look  through 
it  at  the  small  dot  I  have  made  on  the  paper. 

J.  You  have  made  two  dots,  not  one-=-oh,  no,  you  have  not, 
for  on  removing  the  crystal,  there  is  evidently  but  one  dot, 
although  there  at  first  seemed  to  be  two. 

T.  This  is  termed  double  refraction^  and  is  a  property  pos- 
sessed by  the  generality  of  crystals,  whose  primitive  n)rm  is  not 
a  cube  or  an  octohedron.  One  of  the  images  obeys  the  common 
laws  of  light,  and  is  called  the  ordinary  tvlj  ;  the  other  is  sub- 
ject to  peculiar  laws,  and  is  termed  the  extraordinary  ray.  In 
some  crystals  there  is  but  one  axis  or  direction,  in  which  the 
phenomena  of  double  refraction  exist,  aikdxSckiesA  cs^^V*;^'^"^^ 
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ordinary  ray  ;  in  others  ibere  are  two  axes  of  double  refraction, 
and  these  present  no  ordinary  ray,  properly  so  called :  for  no 
portion  of  the  light  that  traverses  them  is  subject  to  the  ordinary 
laws  of  refraction. 

C  I  am  very  curious  to  know  what  the  other  laws  may  be ; 
for  I  bad  thought  we  knew  all  the  leading  laws  of  light. 

T,  You  are  too  hasty,  my  boy :  we  will  arrive  at  them  in 
due  time.  This  branch  of  science  is  termed  the  polarization  of 
light.  When  a  ray  of  light  is  reflected  at  certain  angles  on 
polished  surfaces,  or  is  refracted  by  the  same  bodies,  and  then 
allowed  to  pass  through  a  double  refracting  crystal,  it  acquires 
new  properties,  it  ceases  to  be  reflected  by  other  bodies  at  cer- 
tain angles,  and  is  not  unusually  divided  into  two  rays  of  equal 
intensities. 

J.  I  do  not  clearly  understand  you :  this  word  polarization 
puzzles  me. 

T.  And  it  has  puzzled  many  a  head  before  yours:  it  was 
applied  by  those  who  conceived  light  to  be  composed  of  solid 
particles ;  they  thought  these  were  arranged  in  certain  order, 
as  if  they  had  poles.  But  now,  while  that  theory  is  forsaken, 
the  inappropriate  word  is  mainta.ined. 

C  Then,  if  you  tell  us  more  clearly  some  of  the  characters 
of  polarized  light,  and  a  little  of  its  behaviour,  we  will  forget 
the  word,  and  think  of  the  facts  only. 

2\  If  a  ray  of  light  falls  on  a  glass  surface  at  an  angle  of 
35°  25',  as,  for  instance,  on  a  piece  of  blackened  glass  lying 
upon  my  sloping  desk,  it  will,  of  course,  be  reflected  towards 
the  ceiling  :  if  I  now  catch  the  reflected  ray  on  a  second  plate 
of  glass,  it  will  be  again  reflected,  unless  the  second  plate  be 
placed  at  right  angles  to  the  ray,  so  as  to  reflect  it  toward  the 
sides  of  the  room.  In  this  case,  when  the  second  glass  is  at  the 
angle  of  35°  25'  with  the  ray,  the  ray  is  not  reflected  at  all,  and 
is  achtally  lost 

J.  What  made  you  mention  that  particular  angle  ? 

T.  Because  I  was  speaking  of  glass  surfaces ;  but  every  re- 
flecting surface  has  an  angle  of  its  own  for  polarizing  light ;  and 
this  angle  bears  a  certain  fixed  relation  to  the  refracting  index 
of  the  body.  I  should  tell  you  that  the  ray  is  not  entirely  lost 
when  ordinary  white  light  is  employed,  because  the  refracting 
angle  for  each  of  the  rays  of  the  spectrum  is  not  the  same ;  but 
monochromatic  rays  are  quite  darkened. 

C.  But  if  the  second  plate  is  not  placed  at  the  proper  angle, 
what  is  the  result  ? 
*  T,  The  ray  then  obeys  the  laws  of  ordinary  light :  in  the  two 
proper  positions  there  is  no  second  Teftectiou ;  in  the  two  at  right 
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C  I  cannot  read  a  bbok  at  a  sbof  ter  distance  than  this ;  Tiut 
if  I  look  through  a  small  hole  made  with  a  pin  or  needle  in  a 
sheet  of  brown  paper,  I  can  read  at  a  very  small  distance  indeed. 

T.  You  mean,  that  the  letters  appear^  in  that  case,  very  much 
magnified,  the  reason  of  which  is,  that  you  are  able  to  see  at  a 
much  shorter  distance  in  this  way  than  you  can  without  the  in« 
tervention  of  the  paper.  Whatever  instrument  or  contrivance 
can  render  minute  objects  visible  and  distinct  is  properly  a 
microscope. 

J.  If  I  look  through  the  hole  in  the  pap^,  at  the  distance  of 
five  or  six  inches  from  the  print.,  it  is  not  magnified. 
^   T,  The  object  must  be  brought  near  to  increase  the  angle  by 
which  it  is  seen  ;  this  is  the  principle  of  all  microscopes,  from 
the  single  lens  to  the  most  compound  instrument,   a  is  an  object 
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not  clearly  visible  at  a  1es»  distance  than  a  ft ;  but  if  the  same 
object  be  placed  in  the  focus  of  a  lens,  the  rays  which  proceed 
from  it  will  become  parallel,  by  passing  through  the  said  lens ; 

Fig.  44.       ! 

and  therefore  the  object  is  distinctly  risible  to  the  eye  if  placed 
anywhere  before  the  lensw  There  are  fotur  distinctions  in  mi- 
croscopes: the  single,  the  compound,  the  solar,  and  the  oxy- 
hydrogen* 

C>  Does  the  single  microscope  consist  only  of  a  lens  ? 

T.  By  means  of  a  lens,  a  great  number  of  rays  proceedim^ 
from  a  point  are  united  in  the  same  sensible  point ;  and  as  ea^ 
ray  carries  with  it  the  image  of  the  point  from  whence  it  pro- 
ceeded, all  the  rays  united  must  form  an  image  of  the  object* 

J,  Is  the  image  brighter  in  proportion  as  there  are  more  rayd 
united  ? 

T,  Certainly  .*  and  it  is  more  distinct  in  proportion  as  their 
natural  order  is  preserved.  In  other  words,  a  single  microscope 
or  lens  removes  the  confusion  that  accompanies  objects  when 
seen  very  near  by  the  naked  eye ;  and  it  magnifies  the  diameter 
of  the  object,  in  proportion  as  the  focal  distance  is  less,  than  the 
limit  of  distinct  vision,  whieh  we  may  reckon  from  about  six  to 
^ight  inches. 
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like  a  gridiron.  If  it  is  placed  with  the  lamins  in  a  horizontal 
direction,  none  of  the  vertical  waves  can  pass  through  :  thej  will 
be  stopped,  so  that  the  light,  when  it  emerges  on  the  other  side, 
will  only  consist  of  horizontal  waves.  If  another  piece  of  agate 
is  placed  in  the  course  of  these  waves,  it  will  allow  them  to  pass 
through,  if  it  is  placed  with  its  InminsB  horizontally,  as  the  other 
was ;  out  if  it  is  turned  so  that  they  are  vertical,  the  horizontal 
waves  will  be  arrested,  and  all  will  be  dark.  So  you  see  that  in 
this  simple  case  polarization  absorbs  one  set  of  waves,  and  analy- 
sation  the  other. 

In  cases  of  perfect  double  refraction,  both  sets  of  waves  pass 
through  the  crystal ;  but  they  are  separated  from  each  otner, 
so  that  an  analysing  plate  would  let  one  set  of  waves  or  one  ray 
pass,  and  would  intercept  the  other. 

C  I  think  we  shall  be  able  now  to  remember  the  nature  of 
polarized  light. 

T.  Before  we  part,  I  have  some  more  facts  to  mention  that 
will  be  equally  instructive ;  they  refer  to  what  has  been  termed 
coloured  polarization.  You  remember  what  I  said  of  interferences^ 
when  various  tints  are  produced  by  the  reflection  of  light  from 
thin  films.  An  analogous  phenomenon  occurs  with  polarized 
light ;  and  in  this  case  the  thin  film  is  called  a  depolarizer. 
When  thin  laminse  of  mica,  Iceland  spar,  rock-crystal  &c.,  are 
placed  between  the  polarizing  and  the  analysing  plates,  the  in- 
terferences in  the  viorations  are  produced,  and  they  are  mani- 
fested by  the  production  of  colours :  the  tint  depends  on  the 
thickness  of  the  film  and  the  nature  of  the  crystal ;  if  the  film 
is  of  uniform  thjckness,  the  colour  is  uniform;  if  it  varies,  the 
tints  also  vary.  Selenite,  or  hydrated  crystal  of  sulphate  oflime^ 
is  extensively  employed,  on  account  of  ^q  ease  with  which  it  is 
laminated ;  and  by  arranging  together  pieces  of  various  thick- 
ness and  form,  coloured  objects,  such  as  birds,  flowers,  figures, 
&c.,  may  be  exhibited ;  and  when  the  whole  is  fitted  in  tubes 
and  illuminated  by  the  oxy-hvdrogen  light,  the  objects  may  be 
thrown  on  a  screen,  as  with  tne  magic  lantern. 

C  Does  any  change  occur  to  coloured  polarized  light,  as  to 
ordii\ary  polarized  light,  by  rotating  any  part  of  the  appa- 
ratus ? 

T,  Yes :  if  the  thinfUm  is  rotated,  there  are  four  positions  in 
which  the  colour  is  produced,  and  four  in  which  there  is  none  ; 
if  the  analyser  is  rotated,  there  are  also  four  positions  of  colour, 
and  four  without ;  but  the  alternate  quadrants  or  quarters  of 
the  circle  give  complementary  colours ;  ^o  that  if  the  original 
tint  were  green,  the  next  quadrant  would  give  red,  the  next 
green,  and  the  next  red.    Hence  a  red  rose  with  green  leaves 
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would,  by  a  quarter  rotation  of  the  analyser,  be  converted  into 
a  green  rose  with  red  leaves.  If  the  complementary  tints,  as, 
for  instance,  two  circles,  are  made  to  overlap  each  other,  white 
light  is  produced. 

C  Have  these  curious  facts  any  practical  application  P 

T,  They  have:  for  bv  these  means  we  can  discover  what 
bodies  possess  double  renracting  properties ;  for  many  are  pos- 
sessed  of  this  power,  although  in  so  small  a  degree  as  not  to  give 
double  images,  like  the  piece  of  Iceland  spar  that  I  employed 
at  the  beginning  of  our  conversation.  For  instance :  Dr.  re- 
reira  advises  that  all  optical  glass  should  be  examined  by  the 
polariscope  before  using,  in  order  to  discover  whether  it  is 
badly  annealed;  this  is  readily  detected  by  polarized  light. 
Polarized  light  may  be  used  to  detect  the  true  character  of  the 
various  starches ;  as  potato  starch,  arrow -root,  tapioca,  wheat 
starch,  rice  starch.  But  I  must  not  talk  too  deeply  on  this  sub- 
ject, for  I  fear  to  confuse  instead  of  instruct  you.  All  I  wish 
is  to  give  you  a  few  of  the  leading  features  of  polarized  light ; 
so  that  when  on  some  future  day  yon  sit  down  to  study  this 
branch  of  physics,  it  may  not  come  upon  you  as  entirely  new, 

«/*.  Your  last  words  remind  me  of  some  observations  vou  made 
last  week,  about  examining  camphine  by  polarized  light,  to  see 
if  it  were  good.    How  could  you  manage  this  ? 

T,  The  laws  by  which  thb  would  be  determined  are  those  of 
circvlar  polarization,    I  must  not  confuse  you  with  the  deeper 

Earts  or  the  subject ;  but  merely  tell  you  that  certain  crystals, 
eld  in  particular  directions,  as  a  plate  of  rock  crystal,  perpen- 
dicular to  the  axis  of  refraction,  produce  circular  polarization  ; 
that  is,  rings  are  apparent  round  the  axis,  and  a  uniform  tint 
occupies  tine  centre :  if  the  plate  is  rotated,  no  change  occurs ; 
but  if  the  analyser  is  turned,  the  tints  vary.  '  When  homoge- 
neous light  is  used,  similar  plates  turn  the  ray  in  the  same 
direction ;  but  the  direction  is  not  the  same  for  all  circularly 
polarizing  bodies.  If,  on  turning  the  analyser  from  left  to  right, 
like  the  motion  of  a  watch,  the  order  of  the  colours  are  red^ 
orange^  yettow^  green,  blue,  indigo^  and  violety  it  is  termed  right' 
handed  polarization ;  if  the  same  succession  occurs  on  turning 
from  right  to  left,  it  is  termed  left-handed.  Now  many  liqui(& 
have  this  property ;  as  volatile  essential  oils,  syrups,  solution  of 
camphor,  &c.  Some  are  right-handed,  others  left-handed; 
and  what  is  very  peculiar  is  that,  if  you  place  any  one  of  them 
in  a  tube,  and  look  at  it  at  either  end,  it  is  in  each  view  right 
or  left-handed,  as  the  case  may  be  :  that  is  to  say,  if  it  is  right- 
handed  when  looked  into  at  one  end  of  the  tube,  it  is  right- 
handed  when  looked  into  at  the  other.    The  arc  of  rotation 
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varies  with  the  liquid  under  examination,  with  the  degree  of 
concentration  if  it  be  a  solution,  and  with  the  thickness  of 
the  film. 

C  What  apparatus  is  used  in  these  examinations  ? 

T.  The  polarizer  is  generally  a  black  gloss :  then  comes  a 
glass  tube  of  from  half  a  foot  to  two  or  three  feet  in  length, 
contained  in  a  brass  tube;  and  sometimes  a  few  perforated 
pieces  of  silver  are  placed  in  the  glass  tube,  in  order  to  exclude 
any  reflected  light  from  the  sides  of  the  tube.  The  analyser  is 
a  Nichors  prism,  or  a  doubly  refracting  crystal  of  calc  spar. 
Homogeneous  light  is  preferred  for  these  examinations ;  and 
this  is  obtained  by  placmg  a  piece  of  red  class  between  the  "eye 
and  the  analyser.  The  analyser  is  furnished  with  an  index 
pointing  to  a  graduated  scale  :  when  the  trial  commences,  the 
index  is  made  to  point  to  0° ;  the  liquid  is  now  poured  in,  and 
the  hole  at  the  further  end  of  the  instrument  appears  like  two 
holes ;  but  on  turning  the  analyser  a  certain  distance  one  way 
pr  the  other,  the  Cxtraordinory  ray  disappears.  The  angle  ob- 
tained is  the  arc  of  rotation  for  the  given  depth  of  the  given 
substance  with  the  given  ray ;  as  examples : 

LEFT-HANDED. 

Index.        ThIokneM  of  colnmn.       8p.  gr. 

Oil  of  turpentine  -  '  -  45®  6   in. 

Naphtha          -  -  -  12°  40'  64 

Grape  juice     -  -  -  6°  6-3 

Apple  juice     -  -  -  3*33'  63 

RIGHT-HANDED. 

Index.       ThiekneM  of  column.       8p.  gr. 

Oil  of  citron    -        -        -  84*»  6- in. 

Oil  of  bergamot       -        -  29®  6- 

Oil  of  carraway        -        -.100®  6' 
Solution  of  cane  sugar  in 

water       -        -        -  23®  5'  6-  M052 

Ditto    -        -        -  51®  r  6-  1-2310 

Sol.  of  sugar  of  milk  in 

water       ...  10®  3'  6-  -  1-0537 

Sol.  of  sugar  of  starch  in 

water    .  -  .    .-        -  48® 5'  6-  1-2459 

Sol.  of  tartaric  acid  in  equal 

weight  of  water  -  8®  5'  6*3 

C  I  see  then  that  in  plane  polarized  light,  the  maximum  and 
minimum  planes  are  at  right  angles  to  each  other;  whereas,  when 
light  is  circularly  polarized,  they  are  at  difierent  angles,  according 
to  circumstancea. 
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T,  Exactly  so;  and  the  angle  varies  according  to  the  colour  of 
the  li^t  employed :  it  is  least  with  red,  and  greatest  with  violet. 

J,  From  what  you  have  said  about  the  action  of  organic  solu- 
tion on  polarized  lights  it  appears  that  it  would  not  be  a  very 
difficult  matter  to  use  it  as  a  test. 

T.  No :  and  it  furnishes  a  very  curious  test  by  which  bodies 
physically  different  but  chemically  the  same  can  be  distinguished. 
It  actually  enables  us  to  look  into  the  very  structure  of  bodies, 
and,  as  it  were,  to  feel  out  their  secret  nature.  And  when  all 
ordinary  means  have  failed  to  detect  difierenceis,  this  singular 
property  of  light  will  find  them  out  and  make  them  nmnifest. 

C,  I  do  think  that  of  all  yon  have  yet  told  us,  this  strange 
property  of  light  is  the  most  remarkable. 

T,  There  are  many  other  curious  facts  connected  with  it;  but 
as  my  present  desire  is  merely  to  give  you  a  rough  outline  of  the 
subject,  I  will  not'say  more,  but  advise  you,  as  you  grow  older, 
to  read  for  yourself,  and  also  to  take  the  opportunity  presented 
to  you  by  such  institutions  as  the  Polytechnic  to  see  the  experi- 
ments. Indeed,  if  you  should  cease  to  reside  near  London,  there 
is  scarcely  a  provincial  town  that  has  not  its  Literary  Institution ; 
and  few  seasons  pass  without  polarized  light  being  selected  as 
the  subject  of  illustration,  on  account  of  the  facility  which  the 
oxy-hydrogen  light  presents  of  throwing  the  brilkant  objects 
upon  a  screen. 


CONVERSATION  XXVI. 

Chemical  Properties  of  Light  —  Sun^Pictures, — Photographs. — 

Daguerreotype . 

T.  It  had  not  been  my  original  intention  to  have  introduced 
any  subject  into  these  conversations,  which  should  bear  upon  Che- 
mistry ;  for  that  science  is  so  extensive,  that  I  could  not  hope 
to  give  you  much  information,  without  entering  into  it  system- 
atically and  somewhat  at  length.  And  as  we  have  not  here  the 
means  of  illustrating  it  by  experiment,  I  would  prefer  your  at- 
tending a  complete  course  of  lectures.  But  I  have  had  occasion, 
when  describing  the  stereoscope,  to  mention  daguerreotypes  and 
photographs,  and  I  must  try  to  explain  the  processes,  without 
entering  more  than  is  needful  on  the  forbidden  subject. 

J.  We  shall  be  very  glad  to  have  some  general  description  of 
these  processes;  for  I  must  confess,  that  when  my  sister  had 
her  portrait  taken,  as  if  by  magic,  by  M.  Claudet,  I  felt  very 
curious  on  the  subject. 

T,  You  are  aware  that  many  things  alter  in  appearance,  by 
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expofore  to  the  snnli^i  or  the  light  of  daj.  SilTer,  in  its 
Tanoos  chemical  combmatioiis,  is  most  sensitiTe ;  and  hence  has 
long  been  emplojed  for  marking  linen.  Marking-ink  is  nitrate 
of  nlrer,  that  is,  silrer  dissolved  in  nitric  acid ;  not  simplj  dis- 
solved like  sugar  in  water,  bat  hj  dissolving,  united  to  tne  acid, 
so  as  to  produce  a  new  thing,  unlike  dther  the  metal  or  the  acid 
in  appearance  as  in  properties.  It  is  a  white  transparent  crystaL 
The  act  of  uniting  is  called  chemieal  eotmbmatUm.  These  ciTStals 
are  disserved  in  water ;  a  little  lamp-black  or  Indian  ink  is  added, 
so  that  the  liquid  majr  be  visible  to  the  eje,  and  some  gum-water 
is  introduced,  that  the  colouring  matter  may  not  sink. 

J,  I  hare  noticed  that,  when  mamma  marks  the  linen,  she  lays 
it  on  the  lawn  in  the  sun. 

T.  She  does ;  and  in  so  doing,  she  makes  a  real  photoo;raphic 
experiment  The  whole  art  consists  in  preparing  much  more 
highly  sensitive  salts  of  silver ;  in  arranging  them  on  metal,  on 
paper,  or  on  glass,  and  allowing  rays  of  light  of  various  intensities 
to  act  upon  them  until  the  desired  result  is  obtained ;  and  then 
taking  means  to  secure  and  preserve  the  change  that  has  been 
produced,  and  prevent  any  further  change  occurring.  From 
the  following  experiment  you  will  understand  the  principles  on 
which  the  art  is  based ;  you  will  see  that  it  is  one  step  onward 
beyond  marking  linen. 

I  have  here  an  ounce  vial,  which  I  have  filled  with  pure  rain 
water,  and  have  added  to  it  50  grains  of  nitrate  of  silver,  and 
in  this  dish  I  have  some  salt  and  water  not  very  strong.  We 
will  dip  the  paper  into  the  salt  water,  and  then  dry  it  with  blotting 
paper;  we  will  now  close  the  shutters,  and  brush  some  of  the 
silver  solution  over  one  side  of  the  paper,  and  dry  it  in  the  dark. 

C.  Why  do  this  in  the  dark  ? 

T.  Because  the  action  of  daylight  will  blacken  the  paper  now 
covered  with  a  sensitive  salt  of  silver.  The  paper  thus  prepared 
is  photographic  paper,  and  is  the  commencement  of  the  dis- 
coveries of  Mr.  Fox  Talbot,  first  made  known  in  January  2. 1839. 
(rather  a  leaf  from  the  vine;  lay  it  on  the  prepared  paper;  press 
it  down  with  a  piece  of  glass,  to  keep  it  (uose  and  m  its  plac« ; 
and  let  us  come  to  the  window  and  expose  it  to  the  sun  for  a 
few  minutes.  Now  examine  the  result  by  the  light  of  a  candle 
in  the  darkened  room. 

C.  Dear  me  I  we  have  made  a  perfect  picture  of  the  leaf.- 
All  the  veins  are  distinctly  traced  out  in  light  lines,  and  the 
more  transparent  parts  are  darker. 

T,  In  fact,  where  no  light  passed,  on  account  of  the  thickness 

of  the  fibre,  no  change  has  occurred ;  and  the  more  the  light 

passed^  a§  tu  the  semi-transparent  ^tts  of  the  leaf,  the  deeper 
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is  the  tint ;  while  around  the  leaf,  where  there  was  nothing  to 
intercept  the  rays,  the  paper  is  quite  darkened. 

J.  But  still  I  do  not  see  that  such  a  picture  as  thb  is  worth 
much ;  for  it  is  very  clear  that,  in  prder  to  have  the  benefit  of 
such  pictures,  we  must  keep  them  in  a  dark  room,  and  only  look 
at  them  by  candlelight ;  which  would  be  very  inconvenient. 

T,  It  would ;  but  if  you  now  well  wash  the  picture  in  salt 
and  water,  it  will  destroy  all  further  sensitiveness  in  the  paper, 
and  the  picture  will  remain  permanent,  while  the  rest  of  the 
paper  will  be  unchangeable,  when  exposed  to  light.  —  I  ought 
nere  to  tell  you  that  the  common  salt,  in  this  experiment  pre- 
sented to  the  nitrate  of  silver,  had  produced  another  compound 
of  silver,  called  chloride  of  silver,  and  which  is  more  sensitive 
than  the  nitrate.  When  you  have  learned  more  of  chemistry, 
you  will  better  understand  how  these  chemical  changes  are 
brought  about,  so  as  to  produce  new  compounds. 

As  a  contrast  to  marking- ink,  and  to  this  primitive  photo- 
graphic paper,  a  process  has  lately  been  discovered  by  Mr. 
Talbot,  and  which  I  will  describe  presently,  for  producing  a 
Surface  so  sensitive  that  the  picture  is  produced  m  the  short 
fraction  of  a  second  during  which  an  electric  spark  exists,  and 
by  the  li^ht  itself  of  the  spark. 

C  Will  you  describe  to  us  some  of  the  more  sensitive  papers, 
and  tell  us  of  some  of  their  applications. 

T.  At  the  Royal  Observatory,  Greenwich,  it  is  no  longer  ne- 
cessary to  watch  hour  by  hour  the  changes  in  the  indications  of 
certain  instruments,  as  the  barometer,  the  thermometer,  the 
magnets,  &c.  as  was  formerly  the  case ;  but  light  and  photo- 
graphic paper  do  the  work,  and  leave  the  assistants  at  liberty  to 
attend  to  other  duties.  The  arrangements  employed  are  the 
invention  of  Mr.  Brooke.  To  4  grs.  of  isinglass  is  added,  little 
by  little,  1  oz.  of  boiling  distilled  water ;  and  the  solution  is 
then  boiled.  To  this,  when  filtered,  are  added  12  grs.  of  bromide 
of  potassium,  and  8  grs.  of  iodide  of  potassium.  One  side  of 
the  paper  is  washed  with  this  solution,  and  quickly  dried  by  a 
fire,  and  may  be  kept  in  the  dry  for  use  for  two  months. 

A  solution  is  made  of  50  m.  of  nitrate  of  silver  in  1  oz.  of 
water ;  and  the  one  side  of  the  paper  is  washed  with  this  when 
required  for  use.  This  operation  must  be  done  in  a  darkened 
room,  and  with  a  yellow  lisht. 

J,  But  wh^  a  yellow  light,  rather  than  any  other  colour  ? 

T.  I  have  m  a  previous  conversation  explained  to  you,  that 
white  light  is  compounded  of  seven  colours.  It  has  been  found 
that  the  violet  ray  has  the  greatest  chemical  power ;  and  that 
the  yellow  ray  has  little  or  none ;  so  that,  wnile  it  furnishes 
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light  enough  to  ^uide  us  in  tliese  operations,  it  produces  no 
chemical  change  m  the  sensitiYe  paper.  The  Tine-leaf  would 
be  Terj  quickly  impressed  on  this  paper,  but  will  not  be  yisible 
to  the  eye  until  washed  in  a  mixture  consisting  of  a  few  drops 
of  acetic  acid,  added  to  an  ounce  of  saturated  solution  of  gallic 
acid,  which  must  be  done  in  the  dark  or  yellow  light ;  and  before 
daylight  is  admitted,  the  paper  must  be  washed  u  a  solution  of 
1  drachm  of  hyposulphite  of  soda  in  5  oz.  of  dbtilled  water,  in 
order  to  fix  the  picture.    It  is  finally  washed  in  dean  water. 

C,  Tou  have  mentioned  many  chemicals,  of  which  I  never 
heard  before ;  and  I  should  not  know  how  to  prepare  them,  if 
I  wished  to  have  some  of  this  paper. 

T,  It  is  not  necessary :  for  they  are  all  well  known,  and  are 
to  be  purchased  prepared  for  these  purposes.  In  observing  the 
thermometer,  a  sheet  of  this  paper  is  fixed  on  a  cylinder  that 
revolves  by  a  clock  movement  in  24  hours.  The  thermometer 
is  placed  bietween  the  paper  and  a  gas-light ;  and  the  light  is  so 
screened  and  dir^ted  that  the  mercury  of  the  instrument  is  in 
the  direct  course  of  the  ray,  and  intercepts  it.  If  the  mercury 
reached  the  top  of  the  tube,  no  light  could  arrive  at  the  paper ; 
and,  in  proportion  as  the  mercury  rises  or  falls,  the  light  reaches 
less  or  more  of  the  paper,  and  makes  a  trace. 

C  I  quite  see  this ;  the  mercury  is  like  the  fibre  of  the  leaf, 
and  when  in  the  way  of  the  li^t,  the  paper  is  unchanged. 

T,  Mr.  Muller  of  Patna,  in  India,  has  described  a  still  more 
sensitive  paper.  He  puts  15  grs.  of  nitrate  of  lead  into  1  oz.  of 
water,  and  floats  the  paper  in  this.  He  then  places  it  for  tw6 
minutes  in  a  solution  of  10  grs.  of  iodide  of  iron  in  1  oz.  of 
water,  and  blots  it.  While  moist,  he  treats  it  with  a  solution 
of  100  grs.  of  nitrate  of  silver  to  1  oz.  of  water.  The  picture  on 
this  pa[>er  is  instantaneous,  and  is  fixed  by  a  solution  of  hypo- 
sulphite of  soda. 

«/.  It  has  occurred  to  me  that,  after  all,  these  pictures  are  all 
reversed ;  the  lights  and  shades  exchange  places,  and  we  have 
a  false  result. 

T,  These  original  pictures  are  called  negative  photographs ; 
and  in  cases  where  it  is  necessary  that  the  lights  and  shades 
should  be  true,  positive  pictures  are  taken  by  means  of  these 
negatives.  The  negative  is  made  transparent  by  white  wax  or 
albumen,  and  is  pressed  upon  other  prepared  paper,  and  ex- 
posed to  the  lignt,  when  a  true  picture  is  obtained.  But 
effective  though  this  process  may  be  in  many  cases,  it  is  not 
essentially  good ;  for,  under  the  best  of  circumstances,  the 
paper  is  indifferently  transparent,  and  hence  there  is  a  cloudi- 
ness in  the  result  that  is  not  always  acceptable. 
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Negatives  have  lately  been  taken  on  glass,  first  bj  M.  Niepce, 
which  is  thus  prepared.  Two  tea-spoonfuls  of  solution  of  isin- 
glass are  added  to  the  whites  of  three  eggs,  and  15  grs.  of 
iodide  of  potassium  are  added  thereto.  Some  of  this  is  spread 
uniformly  over  a  plate  of  glass,  and  is  dried  for  use.  When 
wanted,  it  is  breathed  on,  and  dipped  in  a  solution  of  10  grs.  of 
nitrate  of  silver  in  1  oz.  of  distilled  water.  When  drv,  it  has  a 
second  bath  of  nitrate  of  silver,  containing  a  little  gallic  acid,  or 
sulphate  of  iron.  The  picture  is  brought  out^by  washing  in  so- 
lution of  gallo-nitrate  of  silver,  and  fixed  by  a  solution  of 
10  grs.  of  bromide  of  potassium  in  an  ounce  of  water. 

Mr.  Talbot's  "  instantaneous "  method,  to  which  I  referred 
just  now,  is  on  albumenized  ^lass.  The  glass  is  coated  with  a 
mixture  of  equal  parts  of  white  of  egg  and  water ;  it  is  dipped 
into  solution  of  3  grs.  of  nitrate  of  silver  to  1  oz.  of  strong  alcohol 
and  water ;  the  plate  is  then  dipped  in  a  mixture  of  1  measure 
of  proto- iodide  of  iron,  1  of  acetic  acid,  and  10  of  alcohol,  that 
has  been  kept  a  day  or  two.  The  plate  is  then  dipped  for  use 
in  a  mixture  of  3oz.  of  water,  with  70  grs.  per  oz.  of  niti'ate 
of  silver ;  and  2  oz.  of  acetic  acid.  The  picture  is  develop^pl  by 
a  mixture  of  three  parts  water  to  one  part  saturated  solution  of 
proto-sulphate  of  iron,  and  is  fixed  with  hypo-sulphite  of  soda. 

C  How  many  new  names  we  have  now  heard  I  I  fear  we 
shall  have  much  trouble  in  remembering  them;  so  I  have 
written  them  down,  and  intend  referring  to  papa*s  ^^  Brande's 
Chemistry  "  to  learn  a  little  more  of  their  nature. 

T,  I  have  two  more  names  to  introduce  to  you, — collodion  and 
pyro-gallic  acid. 

C.  I  have  seen  collodion ;  for  when  I  cut  mv  finger  last  week, 
it  was  placed  on  the  wound,  and  produced  a  thin  film. 

T.  Collodion  is  gun-cotton  dissolved  in  ether.  Gun-cotton 
is  obtained  by  immersing  cotton  in  a  mixture  of  eaual  parts  by 
weight  of  nitric  and  sulphuric  acid,  and  then  well  washing  it 
and  drying  it.  One  ounce  of  gun-cotton,  dissolved  in  seven 
ounces  of  sulphuric  ether,  produces  a  mucuaginous  solution  of 
collodion.  Iodide  of  silver  is  dissolved  to  saturation  in  solution 
of  iodide  of  potassium,  and  is  then  gradually  mixed  with  the  col- 
lodion. The  mixture  is  merely  poured  over  the  glass  plate  and 
drained  ofi*,  so  that  the  surface  remains  smooth.  The  plate  in 
this  state  is  immediately  to  be  dipped  into  a  solution  of  30  grs. 
of  nitrate  of  silver  to  1  oz.  of  water,  and  is  used  immediately  and 
while  moist.  The  picture  is  developed  by  a  solution  of  3  grs.  of 
P3rro-gallic  acid,  and  1  drachm  of  glacial  acetic  acid  to  1  oz.  of 
water;  and  is  fixed  by  immersion  in  a  saturated  solution  of  hy- 
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po-sulphite  of  soda.    Portrmits  may  be  taken  with  the  camera 
(usin^  thu  process)  in  from  3  to  SO  seconds. 

C.  The  camera  that  M.  Claadet  emplojed  was  a  mach  more 
complicated  instrument  than  the  one  jou  described  in  our 
twenty-third  Conversation. 

T.  ^e  discoTcry  of  the  photMjaphic  art  has  called  forth  all 
the  ingenuity  of  opticians ;  and  the  camera  has  been  brought  to 
great  perfection.  Mr.  Beard  has  a  patented  camera,  in  which 
the  ima^jre  is  received  on  a  concave  mirror,  and  reflected  thence 
to  its  destination ;  but  there  are  inconveniences  attached  to  it, 
and  it  is  not  much  used.  The  usual  plan  ia  to  receive  the 
image  at  the  back  of  the  camera,  which  is  generally  provided 
with  a  plate  of  ground  glass,  in  order  to  show  the  inubge  for  ad- 
justing the  focus,  before  commencing  operadons.  Ae  lenses 
are  the  most  important  part.  yoigtlander*s  (of  'Vienna)  are  in 
high  repute ;  for  12  in.  pictures,  a  set  of  the  best  lenses  is  worth 
45/.  They  are  achromatic ;  that  is,  are  compounded  of  flint 
and  crown  glass,  so  as  to  produce  no  fringes  of  colour.  They  are 
about  4 J  in.  in  diameter,  and  have  a  focal  distance  of  10  in. 
The.  lens  of  the  best  camera  at  the  Great  Exhibition  (Rosses)  is 
thus  described :  —  *^  It  is  furnished  with  a  double  achromatic 
object-lens,  about  3  in.  aperture ;  there  is  no  stop,  and  no  part 
of  the  field  employed  which  does  not  receive  plenty  of  light,  so 
that  the  corners,  as  well  as  the  middle  of  the  picture,  are  well 
illuminated.  The  field  is  flat,  and  the  image  is  very  perfect  up 
to  the  edge%r 

J.  I  have  noticed  that  extreme  care  has  been  taken  to  make 
the  paper  very  sensitive ;  and  I  judge  from  your  last  remarks 
that  the  grand  points  in  the  camera  are  to  give  a  well  defined 
and  correct  image,  and  to  let  as  much  lk;ht  as  possible  pass, 
not  merely  to  any  one  part  of  the  picture,  but  to  every  part. 

T.  I  am  glad  to  see  that  you  nave  paid  attention  and  pro- 
fited by  my  explanations.  Small  pictures  are  readily  iUumi- 
nated  equably ;  but  all  the  skill  of  the  mathematician  and  of 
the  optician  are  required  to  construct  apparatus  for  larger 
pictures.  The  largest  photographic  camera  (PlamuoFs)  in  the 
Exhibition  had  a  2  ft.  square  picture-surface ;  but  the  space 
illuminated  by  the  whole  of  the  object-glass  was  only  6^  in. 
square.  It  is  said  that  some  French  cameras  have  picture- 
surfaces  of  nearly  a  yard  in  length. 

C,  You  have  not  yet  described  to  us  the  process  of  daguer- 
reotype.   For  these  pictures  are  on  metal  plates,  not  on  paper. 

T,  I  cannot  venture  to  give  yon  more  than  a  general  idea  of 
these  arts ;  but  must  refer  you  to  one  or  other  of  the  excellent 
handbooks  on  Photogenic  Manipulation,  where  you  will  find 
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minTite  details  upon  aU  the  stages  of  the  processes,  and  will  see 
that  the  final  suecess  depends  on  a  rigid  attention  to  rules  and 
on  careful  manipulation.  The  daguerreotype,  like  photography, 
depends  on  the  action  of  the  sun  upon  sensitive  salts  of  silver. 
In  this  case,  instead  of  being  presented  on  the  surface  of  paper, 
the  compounds  are  formed  on  the  silver  surface  of  a  metal 
plate.  Copper  plated  with  silver  forms  the  plate,  which  is 
cleaned  and  pohshed  with  extreme  care.  The  clean  plate  is 
placed  over  a  pan  containing  a  few  crystals  of  iodine,  and  then 
over  a  pan  containing  a  solution  of  bromine.  Much  care  and 
experience  are  required  in  the  operations  of  ^iodizing**  and 
'*  bromining.**  Processes  are  known  in  which  these  substances 
are  simultaneously  presented,  and  sometimes  also  in  union  with 
other  accelerating  oodies.  The  plate  now  made  sensitive  is 
ready  for  the  camera,  and  should  produce  a  portrait  in  bright 
weather  in  ten  or  twelve  seconds.  Arrangements  are  prepared 
for  shutting  the  plate  in  a  frame  impervious  to  light,  before 
removing  it  from  the  camera.  It  is  then  introduced  into  a 
box,  where  it  is  exposed  to  vapours  of  mercury,  which  are  made 
to  rise  by  the  heat  of  a  lamp.  The  mercury  condenses  on  the 
plate,  and  reveals  the  picture.  The  sensitive  surface  is  finally 
removed  from  the  rest  of  the  plate,  by  washing  it  with  a  solu- 
tion of  1  oz.  of  hypo-sulphite  of  soda  in  a  pint  of  water ;  and 
it  is  finished  off  by  wasning  in  hot  distilled  water,  which  is 
carefully  drained  off,  so  as  to  leave  no  stain.  In  conclusion,  I 
should  tell  you  that  the  French  government  gave  Da^uerre  an 
annuity  of  250/.,  since  increased  to  446Z. ;  and  to  N  iepce  an 
annuity  of  166Z.,  on  condition  that  they  should  make  public 
their  discovery,  which  they  did,  and  so  made  it  the  property  of 
the  world.  K^otwithstanding  this,  it  has  in  some  way  been 
made  the  subject  of  patents  in  England. 

Mr.  Talbot,  who  has  been  largely  concerned  in  bringing  to 
perfection  the  photographic  art,  and  who  has  several  patents 
for  his  discoveries,  in  the  summer  of  1852  freelv  presented  his 
patents  to  the  public,  reserving  only  portrait-taking,  for  which 
many  licenses  were  out^  and  which  could  not  well  be  recalled. 

The  public  are  now  at  liberty  freely  to  use  the  art  in  all 
other  respects,  and  are  now  able  each  for  himself  to  introduce 
and  to  use  such  improvements  as  cannot  fail  to  present  them- 
selves in  the  course  of  personal  experience. 

C  I  have  observed  that  some  daguerreotype  portraits  are 
coloured ;  is  this  done  by  the  action  of  light  ? 

T,  No ;  it  is  the  work  of  an  ai-tist^  who,  after  the  sun  picture 
is  completed,  applies  coloured  powders  to  such  parts  as  he 
wishes  to  tint,    it  is  confidently  believed,  however,  that  the 
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time  18  not  far  diBtent,  wHen  the  sun  wiD  take  the  picture,  and 
tint  it  also  in  its  true  colours.  In  Not.  1852,  M.  Niepoe 
described  the  success  that  had  hitherto  been  attained  by  him, 
but  has  not  yet  giren  the  details.  He  has  operated  on  a  doll 
dressed  in  different  coloured  stufib,  and  with  gold  and  silrer  lace. 
He  has  obtained  all  the  colours,  and  the  metallic  lustre  of  the 
lace ;  and  has  also  copied  rock-crjstal,  alabaster  and  porcelain 
with  their  peculiar  lustres.  The  silver  plates  are  said  to  be 
prepared  with  chloride  of  copper. 

A  Photographic  Society  has  been  formed  in  London  since 
the  patents  nave  been  presented  to  the  public  by  Mr.  Talbot, 
lind  the  art  is  now  in  a  fair  way  to  make  large  progress. 
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CONVERSATIOK  L 
TtUor — Charles — James* 

Of  the  Magnet — Its  Properties —  Useful  to  Mqiriners^  and  others 
—  Iron  rendered  Magnetic — Properties  of  the  Magnet 

T.  You  see  this  dark  brown  mineral  body;  and  that  it  has  the 
property  of  attracting  needles  and  other  small  iron  substances. 
-    «/.  Yes,  it  is,  I  believe,  a  loadstone,  or  natural  magnet;  but 
jou  told  us  that  it  possessed  a  much  more  important  property 
than  that  of  attracting  iron  and  steel. 

Ti  It  has  what  is  called  the  e/ir^cAve  property^  by  which  ma- 
riners are  enabled  to  conduct  their  Yesseis  through  the  mighty 
ocean  out  of  the  sight  of  land ;  miners  are  guided  in  their  sub- 
terranean paths,  and  the  traveller  through  deserts  otherwise  im- 
passable. ' 

C  Were  mariners  unable  to  make  long  and  very  distant 
voyages  till  this  property  of  the  magnet  was  discovered  P     ; 

T.  Till  then,  they  contented  themselves  with  mere  coasting 
voyages :  seldom  trusting  themselves  from  the  sight  of  land. 

J,  How  long  is  it  since  this  property  of  the  magnet  was  first 
known? 

T,  It  is  rather  uncertain :  it  has  been  thought  to  have  no 
earlier  oria:in  than  five  or  six  hundred  years  ago;  but  mention 
is  made  of  it  in  old  Norman  poems  of  the  12th  century,  and  also 
in  an  Icelandic  history  of  the  11th  century,  i  There  is  also  in- 
dubitable evidence  that  the  Chinese  were  acquainted  with  it 
lon^  before  the  commencement  of' the  Christian  era.  In  the 
11th  century  before  Christ,  mention  is'  made  of  cars  being  era- 
ployed  for  discovering  the  bearings  of  a  place,  which  cars  are 
repeatedly  called  indicators  of  the  south.  As  early  as  the  be- 
ginning of  the  second  century  of  our  era,  we -find  the  means 
employed  to  be  ^^  a  stone  with  which  the  lieedle  is  directed.** 

C.  xou  have  not  told  us  in  what  the  discovery  consists. 

T,  When  a  magnet,  or  a  needle '  rubbed  witu  a  magnet,  vn 
fireely  suspended,  it  always  assumes  a  certain  direction ;  one  ea^ 
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priintf  iowanb  the  nortb,  but  not  ezActlj  to  the  north,  except  in 
a  few  places  on  the  emrtb. 

J.  IB  that  a  mMffnei  which  is  fitted  to  the  bottom  of  the 
ghibe,  and  by  means  of  which  we  set  the  globe  in  a  oroper 
direction,  with  regvd  to  the  eardinal  points,  north,  aonto,  east, 
and  west. 

T.  That  is  cslled  a  compass,  the  needle  of  which  is  steel 
magnetised,  and  it  is  possessed  of  the  same  properties  as  is  the 
ma^rnet  itself. 

C.  Can  an  J  iron  and  steel  be  made  magnetic  ? 

T,  Verj  soft  iron  is  magnetised  to  its  fiill  extent,  imme« 
diatelj  on  touching  a  mi^et :  bnt  it  loses  the  whole  of  its 
magnetism  on  the  magnet  being  removed.  Harder  iron  or 
steel  takes  more  time  receiving  magnetism ;  bnt  then  it  will 
retain  it  after  the  remoral  of  the  magnet.  Artificial  magnets 
may  be  rendered  more  powerful  than  natural  ones,  and  can  be 
made  of  any  form ;  thej  are  generally  used,  so  that  the  natural 
masnet  is  kept  rather  as  a  curiositj  than  for  anj  purpose  of 
real  utility. 

C  What  are  the  leading  properties  of  the  magnet  ? 

T,  1st.  A  magnet  attracts  iron.  2d.  When  placed  so  at  to 
be  at  liberty  to  more  in  any  direction,  its  north  end  points 
towards  the  north  pole,  and  its  south  end  towards  the  south 
pole :  this  is  called  the  direction  of  the  magnet.  3d.  When  the 
north  end  of  one  magnet  is  presented  to  the  »<nUh  end  of  another, 
they  will  attract  one  another.  But  if  the  two  soa/SA,  or  thd 
two  north  eniU  are  brought  together,  they  will  repel  each 
other.  4th.  When  a  magnet  is  so  situated  as  to  be  at  liberty 
to  more  any  way,  it  inclines  one  of  its  ends  towards  the  horizon, 
and,  of  course,  elevates  the  other  end  above  it :  this  is  called 
the  inclination  or  dipping  of  the  magnet.  5  th.  Any  magnet  maj 
be  made  to  im])art  its  properties  to  iron  and  sted. 

C.  And  are  iron  and  steel  the  only  magnetic  bodies  ? 

T,^  No ;  nickel,  cobalt^  and  a  few  others,  have  the  property 
of  being  attracted  by  magnets,  thoueh  far  less  energetically ;  as 
have  also  such  chemical  compound  as  contain  any  of  these 
metals.  All  other  bodies  are  repelled  by  magnets ;  these  are 
termed  dinmagneiic*  by  Professor  Faraday,  to  whom  the  world 
Is  indebted  for  the  discovery  of  this  extraordinary  fact,  as  also 
of  many  others  in  these  sciences,  and  to  which  we  shaU  refer 
M  we  go  on. 

Faraday  has  alto  shown  that  oxygen  gas  is  magnetic ;  while 

all  other  gases  are  diamagnetic.    And  so  magnetic  is  this  gas, 

that  an  equal  weight  of  oxygen  is  three  times  more  attracted 

than  is  concentrated  solution  of  proto-chloride  of  iron,  which  i^ 

however^  the  most  mat^netic  Uqiud  kuo^ru. 
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'  'C.  But  how  cotild  he  manage  to  handle  thib  gas  sd  as  to  mag- 
netise it  ? 

T.  He  allowed  a  curr^it  of  this  gad  to  descend  between  the 
poles  of  a  very  powerful  electro-magnet ;  and  found  it  obedient 
to  the  magnet.  He  also  found  that  the  denser  it  was^  the  more 
magnetic  it  was ;  and  the  colder  it  was,  the  more  magnetic 
it  was. 

C  Then  the  atmosphere,  whidi  is  mostly  oxygen,  is  mag* 
netio  ? 

T.  It  is ;  and  some  remarkable  disooreries  are  arising  fromi 
this.  It  promises  to  explain  the  daily  and  periodical  varia- 
tions in  the  direction  of  the  declination  needle,  which  we  shall 
refer  to  in  a  future  conversation.  For  the  present  it  will  bei 
enough  for  you  to  know  that  actual  experiment  has  proved 
that  the  air  is  magnetic,  -^  that  its  magnetic  properties  vary 
with  its  temperature,<-^and  that  the  changes  from  day  to  night,: 
and  from  winter  tq  summer,  are  constantly  disturbing  this  tem- 
perature ;  and  with  it  the  magnetism  of  the  air. 


CONVERSATION  XL 
Magnetic  Attraction  and  Repuinhn. 

T,  Here  is  a  thin  iron  bar,  eight  or  nine  inches  long,  rendered 
magnetic,  and  on  that  account,  it  is  now  called  an  artificial 
magnet :  I  bring  a  small  piece  of  iron  within  a  little  distance  of 
one  of  the  ends  of  the  magnet,  and  you  aee  it  is  attracted  or 
drawn  to  it. 

C,  Will  not  the  same  effect  be  produced,  if  the  iron  be  pre- 
sented to  any  other  part  of  the  magnet  ? 

T.  The  attraction  is  stronsest  at  tlie  poles,  and  it  grows  lestf 
and  less  in  proportion  to  the  distance  of  any  part  from  the  poles  ; 
so  that,  in  the  middle,  there  is  no  attraction,  aa  you  shall  see  by 
means  of  this  larse  needle. 

J.  AVhen  you  neld  the  needle  near  the  pole  of  the  magnet| 
the  magnet  moved,  which  looks  as  if  the  needle  attracted  th^ 
magnet. 

T.  You  are  right;  the  attraction  is  mutual,  aa  b  evident 
from  the  ibllowing  experiment.  I  place  this  small  msgnet  on 
a  piece  of  cork,  and  the  needle  on  another  piece,  and  let  them 
float  on  water  at  a  little  distance  from  each  other,  and  you  ob- 
serve that  the  magnet  moves  towards  the  iron,  aa  much  as  the 
iron  moves  towards  the  magnet. 

C  If  two  magnets  were  put  in  this  situation,  what  would  b^ 
the  effect  f 
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T,  If  poles  of  the  same  name,  that  is,  Uie  two  nortli  or  the 
two  soutn,  be  brought  near  together,  thej  will  repel  one  ano* 
ther ;  but  if  a  north  and  a  south  pole  be  presented,  the  same 
kind  of  attraction  will  be  yisible  as  there  was  between  tiie 
magnet  and  needle.  In  fact,  the  reason  why  a  magnet  attracts 
iron,  b  because  it  makes  the  iron  a  magnet  as  long  as  it  is  near 
it,  and  if  a  north  pole  is  used,  the  near  end  of  the  iron  becomes 
a  south  pole,  and  there/are  is  attracted.  Hold  this  bar  of  soft 
iron  in  your  hand,  and  try  to  suspend  the  small  key  to  its 
lower  end.  You  cannot :  I  now  bring  the  magnet  n^or,  but 
without  touching  the  other  end,  and  the  key  is  inunediatdy 
attracted,  just  as  if  the  soft  iron  were  a  magnet,  and  so  it  is,  as 
long  as  the  magnet  is  near ;  but  as  soon  as  I  remoTC  the  magnet 
the  key  falls. 

J,  Will  there  be  any  attraction  or  repulsion  if  solid  bodies, 
as  paper  or  thin  slips  of  wood,  be  placed  between  the  magnets^ 
OP  oetween  the  magnet  and  iron  ? 

T.  Yes :  bring  the  magnets  together  within  the  attracting  or 
repelling  distance,  and  hold  a  slip  of  wood  between  them ;  you 
see  tliey  both  come  to  the  wood. 
J,  Is  magnetic  attraction  and  repulsion  at  all  like  what  we 
have  sometimes  seen  in  electricity  ? 

T,  In  some  instances  there  is  a  certain  similarity. 
Tie  two  pieces  of  soft  iron  wire  each  to  a  separate 
thread,  which  join  at  top,  and  let  them  hang  freely 
from  a  hook.  If  I  bring  the  marked  or  north  end 
of  a  magnetic  bar  under  them,  you  will  see  the  wires 
repel  one  another,  as  they  are  shown  in  the  figure 
hanging  from  z. 
r*s*  !•  C.  Is  that  occasioned  by  the  repelling  power  which 

both  wires  have  acquired  in  consequence  of  bemg  both  ren- 
dered magnetic  with  the  same  pole  ? 
.  T,  It  is ;  for  under  the  circumstances  just  given,  the  lower 
ends  of  each  wire  become  south  poles,  and  the  upper  ends  north 
poles ;  and  therefore,  being  in  jiixta-position,  the  south  or  lower 
ends  repel,  and  the  north  or  upper  ends  do  so  too ;  they  there- 
fore combine  in  causing  the  wires  to  separate. 
J.  Will  they  remain  long  in  that  position  P 
T.  If  the  wires  are  of  very  soft  iron  they  will  quickly  lose 
their  magnetic  power ;  but  if  steel  wires  be  used,  as  common 
sewing  needles,  they  will  continue  to  repel  each  other  aft«r  the 
removal  of  the  magnet. 

Example  II.  I  lay  a  sheet  of  paper  flat  upon  a  table,  and 
strew  some  iron  filings  upon  it^  I  now  lay  this  small  magnet 
under  the  paper,  and  give  the  table  a  few  gentle  knocks,  so  a& 
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to  stiake  the  filings,  and  you  observe  in  what  manner  they  havef 
ranged  themselves  about  the  magnet. 

C,  At  the  two  ends,  or  poles,  the  particles  of  iron  form  them- 
selves into  lines  a  little  sidewise;  they  bend,  and  then  form 
complete  arches,  reaching  from  some  point  in  the  northern  half 
of  the  magnet  to  some  ouier  point  in  the  southern  half.  Pray, 
how  do  you  account  for  this  ? 

T,  Each  of  the  particles  of  iron,  by  bein^  brought  within  the 
sphere  of  the  magnetic  influence,  becomes  itself  magnetic,  and 
possessed  of  two  poles,  and,  consequently,  disposes  itself  in  the 
same  manner  as  any  other  magnet  would  do,  and  also  attract 
with  its  extremities  the  contrary  poles  of  other  particles. 

J,  Does  the  polarity  of  the  magnet  reside  only  in  the  two  ends 
of  its  surface  ? 

T,  Like  the  centre  of  gravity,  there  is  a  centre  or  resultant  of 
magnetic  force,  and  this  resides  near  the  end :  in  a  regularly 
formed  magnet,  this  spot  is  near^  but  not  at  each  end,  and  the 
middle  has  no  magnetic  action.  But  if  the  bar  be  now  broken 
across  the  middle,  each  half  will  be  found  to  be  a  perfect  magnet 
with  a  pole  at  each  end. 


CONVERSATION  IH. 
The  Method  of  making  Magnets —  Of  the  Mariner* s  Compete, 

C,  How  are  magnets  made  ? 

T.  The  best  method  of  making  artificial  magneto  is  to  apply 
one  or  more  powerful  ma^ets  to  pieces  of  hard  steel,  takmg 
care  to  apply  the  north  pole  of  the  magnet  or  magnets  to  that 
extremitv  of  the  steel  which  is  required  to  be  made  the  south 
pole,  and  to  apply  the  south  pole  of  the  magnet  to  the  opposite 
extremity  of  tne  pieces  of  steel. 

J,  Has  a  magnet,  by  communicating  its  properties  to  other 
bodies,  its  own  power  diminished  ? 

T,  No,  it  is  even  increased  by  it.  A  bar  of  iron,  three  or 
four  feet  long,  kept  some  time  in  a  vertical  position,  will  become 
magnetic,  the  lower  extremity  of  it  attracting  the  south  pole 

c  c  4  •  ■   ^ 
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and  repelling  the  north  pole.    But  if  the  bar  be  inyerted,  the 
polarity  will  be  rerersed. 

C  Will  gteel  produce  the  stMe  effects  f 

T,  It  will  not ;  the  iron  must  be  soft ;  and  hence  bars  of  soft 
iron  that  have  been  lonf^  in  a  perpendieular  position  are  gene- 
rally found  to  be  magnetieal,  as  fire-irons,  bars  of  windows,  &c. 
If  a  lou<;  piece  of  hard  iron  be  made  red  hot,  and  then  left  to 
cool  in  the  direction  of  the  dipping  needle,  it  usually  beoomea 
magnetic. 

Strikin;:^  an  iron  bar  with  a  hammer*  or  rubbing  it  with  a  file, 
while  held  in  this  direction,  renders  it  magnetic.  An  electric 
shock  and  lightning  frequently  render  iron  magnetic,  by  the 
mechanical  action  which  they  exercise  over  the  molecules  pf 
iron  while  in  the  favorable  position  above  mentioned. 

C,  But  what  is  there  peculiar  in  this  position  ? 

T.  1  have  shown  you  that  iron  becomes  magnetic  bj  mere 
proximity  to  a  magnet.  Now,  the  earth  acts  as  a  magnet:  luid 
the  direction  of  the  resultant  of  the  force  is  northward  and 
downward,  not  exactly  beneath  our  feet,  but  northward  of  it. 
And  as  upright  bars  of  iron  are  not  many  d^rees  removed  fbom 
this  direction,  they  are  magnetic  by  the  earth. 

J,  An  artificial  magnet,  you  say,  b  often  more  powerful  than 
the  real  one  :  can  a  magnet,  then,  conununicate  to  steel  a  stronger 
power  than  it  possesses  ? 

T,  Certainly  not :  but  two  or  more  magnets,  joined  together, 
may  communicate  a  greater  power  to  a  piece  of  steel,  than  either 
of  them  possesses  singly. 

*C.  Then  you  gain  power  according  to  the  number  of  magnets 
made  use  of? 

T.  Yes ;  very  powerful  magnets  may  be  formed  by  first  con- 
structing several  weak  magnets,  and  then  joining  them  together 
to  form  a  compound  one,  and  to  act  more  powerfully  upon  a 
piece  of  steel. 
.  The  following  are  methods  for  forming  artificial  magnets : 

1.  Place  two  magnetic  bars,  a  and  b,  in  a  line,  so  that  the 
J^  ojj^        north  or  marked  end  of  one  shall 

be  opposite  to  the  south  end  of 
the  other,  but  at  such  a  distance 
that  the  magnet  c,  to  be  touched, 
^_^___  may  rest  with  its  marked  end  on 
Fig.  s.  the  unmarked  end  of  b,  and  its 

uYimarked  end  on  the  marked  end  of  a.    Now  apply  the  north 
end  of  the  magnet  i.  and  the  south  end  of  n  to  the  middle  of  c, 
.the  opposite  ends  being  elevated  ss  in  the  figure.    Draw  l  and 
D  asunder  along  the  bar  c,  one  towards  a,  the  other  towards  H^ 
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preserving  the  same  elevation :  remove  l  p  a  foot  or  more  fronoL 
the  bar,  when  they  are  off  the  enda ;  then  bring  the  north  and 
south  poles  of  these  magnets  together,  and  apply  than  again  to 
the  middle  of  the  bar  c  as  b^ore :  the  s^me  process  is  to  be  re« 
peated  five  or  six  times ;  then  turn  the  bar,  and  touch  the  other 
three  sides  in  the  same  waj,  and,  with  eaare,  the  bar  will  acquire 
a  strong  fixed  magnetism.  * 

2.  Upon  a  similar  principle,  two  bars,  A  :n,  c  ]>,  may  be  T^* 
dered  magnetic.  These  are  supported 
by  two  bars  of  iron,  and  thej  are  so 
placed  that  the  marked  end  b  may  be 
opposite  to  the  unmarked  end  d  ;  then 
place  the  two  attracting  poles  ^  i  on  c, 
the  middle  of  a  n,  as  m  the  figure,  ^  Fig.  4. 

moving  them  slowly  over  it  ten  or  fifteen  times.  The  same 
operation  is  to  be  performed  on  c  d,  having  first  changed  the 
poles  of  the  bars,  and  then  on  the  other  fiances  of  the  bars ;  tifid 
the  business  is  accomplished. 

The  touch  thus  communicated  may  be 
farther  increased  by  rubbing  the  differ- 
ent faces  of  the  bars  with  sets  of  mag- 
netic bars,  disposed  as  in  this  diagram, 

J,  I  suppose  all  the  bars  should  be 
very  smooth. 

T.  Yes ;  they  should  be  well  polished, 
the  sides  and  ends  made  flat,  and  the 
an^rles  quite  square,  or  right  angles. 

There  are  many  magnets  made  in  the  shape  <^  horseshoes; 
these  are  called  borse^oe  magnets ;  and  they  retain  their  power 
very  long,  if  care  be  taken  to  join  a  piece  of  iron  to  the  end 
when  they  are  not  in  use. 

C.  Does  that  prevent  its  power  from  escaping  ? 

T.  It  should  seem  so ;  the  po^er  of  a  niagnet  is  ev^  in* 
creased  by  suffering  a  piece  of  iron  to  remain  attached  to  one 
or  both  of  its  poles.  Of  course  a  single  magnet  should  always 
be  thus  left. 

J,  How  is  magnetism  communicated  to  compass  needles  f 

T.  Fasten  the  needle  down  on  a  board,  and  draw  maffnets 
about  six  inches  long,  in  each  hand,  from  the  centre  of  the 
Tieedle  outwards ;  then  raise  the  bars  to  a  considerable  distance 
from  the  needle,  and  bring  them  perpendicularly  down  on  its 
centre,  and  draw  them  over  again,  and  repeat  this  operation 
about  twenty  times,  and  the  needle  will  acquire  directive 
properties. 

By  a  little  managennent,  sted  m&j  be  magnetised  without  Uij 
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other  source  of  mtgnetisiii  than  that  derived  from  the  eartL 
A  bar  of  soft  steel  b  tied  to  a  oommoo  iron  poker,  held  upright, 
and  it  is  then  rubbed  from  its  lower  end  upwards  with  the 
tongues ;  other  similar  bars  underso  the  same  treatment.  Th^ 
arc  then  bundled  together ;  two  liarder  steel  Imuts  are  placed, 
as  in  fig.  4.,  connected  with  soft  iron,  into  a  parallelogram ; 
these  are  rubbed  with  th^  magnetised  ban ;  otner  hard  steel 
bars  are  rubbed  in  the  same  way  until  six  are  prepKred ;  the 
softer  steel  are  now  placed  aside,  and  the  rubbing  of  two  of  the 
hard  steel  is  efiected  by  four  of  the  hard  steel ;  and  thus,  by  a 
succession  of  operations,  a  powerful  set  of  magnets  may  be 
obtaineil. 

Dr.  Scoresby  has  taken  great  pains  in  studyiiLg  the  best 
methods  of  preparing  magnets ;  for  minute  particmars  I  must 
refer  you  to  his  book,  where  you  will  see  the  relatiye  values  of 
different  kinds  of  steel  for  different  kinds  of  magnets. 

C  What  are  the  characters  of  a  good  magnet  ? 

T,  Capacity^  or  power  of  receiving  a  good  amount  of  mag- 
netism, and  tenacity^  or  power  of  retaining  it;  the  latter  is  a 
most  important  property ;  and  he  has  found  that  hardness  and 
tenacity  are  related.  He  has  also  described  a  mode  by  which, 
as  he  says,  **he  would  have  no  difficulty  in  constructing  a 
magnet  of  a  ton  weight.**  He  magnetises  a  large  quantity  of 
smidl  bars  of  steel,  and  these  he  bundles  together  in  proper 
order ;  and  although  each  one  loses  a  certain  quantity  of  force, 
on  account  of  its  proximity  to  the  rest,  yet  the  whole  has  a  far 
greater  power  remaining  in  it  than  could  by  any  means  be  con* 
ferred  upon  a  solid  mass  of  steeL 

J,  But  have  I  ndt  long  ago  seen  this  plan  in  the  compound 
horseshoe  magnet  ? 

T,  No ;  in  all  the  old  plans  the  individual  bars  were  of  the 
same  length  as  the  compound  mass;  but  in  this  plan  many 
shorter  bars  are  used,  and  they  are  joined  by  being  placed  end 
to  end. 

C  I  remember  seeing  a  compass,  when  I  was  on  board  the 
frigate  that  lay  off  Worthing :  the  needle  was  in  a  box,  with  a 
glass  over  it. 

T,  The  mariner*s  compass  consists  of  the  box,  the  card  or 
fly,  and  the  needle.  The  box  is  circular,  and  is  so  suspended 
as  to  retain  its  horizontal  position  in  all  the  motions  of  the 
ship.  The  glass  is  intended  to  prevent  any  motion  of  the  card 
by  the  wind ;  the  card  or  fly  moves  with  the  needle,  which  is 
very  nicely  balanced  on  a  centre.  It  may,  however,  be  noticed, 
that  a  needle,  which  is  accurately  balanced  before  it  is  mag- 
X^etised,  will  lose  its  balance  by  oeing  magnetised,  on  account 
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of  what  IS  called  the  dippings  therefore  a  small  weight,  or  move* 
able  piece  of  brass,  is  placed  on  one  side  of  the  needle,  by  the 
shifting  of  which  the  needle  will  always  be  balanced. 

It  must  be  observed  that,  in  the  construction  of  such  instru* 
ments,  neither  iron,  steel,  or  other  ferruginous  matter,  must  be 
suffered  to  be  in,  or  even  near,  the  frame,  because  a  very  small 
quantity  of  it  is  sufficient  to  render  the  observations  of  no 
value  whatever.  And>  indeed,  it  has  been  ascertained  lately, 
that  the  masses  of  iron  on  board  ship  have  all  a  tendency  to 
draw  the  needle  from  its  true  direction.  Mr.  Barlow,  of  the 
Royal  Military  Academy,  has  discovered  a  method  of  ascer-^ 
taining,  and  allowing  for,  the  magnitude  of  the  deviation  thus 
occasioned  in  any  particular  ship.  Such  a  discoverv  cannot 
but  prove  highly  valuable  to  mariners;  and,  indeed,  has  been 
found  so  by  Sir  J.  Parry,  Sir  J.  Franklin,  and  many  of  our 
most  skilful  naval  officers. 

The  principle  on  which  he  acted  was  first  to  discover  the 
effect  of  the  ship  on  the  needle,  and  then  to  provide  a  disc  of 
iron  that  should  have  the  same  amount  of  action :  so  that, 
when  he  removed  the  iron  from  near  the  needle,  whatever  dif* 
ference  was  lost  was  just  half  of  the  whole  action  of  the  ship. 


CONVERSATION  IV. 
Of  the  Variation  of  the  Compass, 

C.  You  said,  I  think,  that,  the  magnet  pointed  nearly  north 
and  south  :  how  much  does  it  differ  from  that  line  ? 

T,  It  rarely  points  exactly  north  and  south,  and  the  demotion 
from  that  line  is  called  the  declination  of  the  needle,  which  is 
said  to  be  east  or  west. 

J.  Does  this  differ  at  different  times  ? . 

T.  It  does;  and  is  very  different  in  different  parts  of  the 
world.  It  is  not  the  same  now  that  it  was  half  a  century  ago, 
nor  is  it  the  same  now  at  London  that  it  is  in  Bengal  or  Kam* 
schatka.  The  needle  is  continually  traversing  slowly  towards 
the  east  or  the  west.  It  seems,  however,  now  to  have  attained 
its  western  limit  at  London,  and  is  going  back  again. 

This  subject  was  first  attended  to  by  Mr.  Burrows,  about  the 
year  1580,  and  he  found  the  declination  then  at  London,  about 
11^  11'  east.  In  the  vear  1657,  the  needle  pointed  due  norUk 
and  south  :  since  whicn  the  declination  has  been  gradually  in* 
creasing  towards  the  west;  and  in  the  vear  1803  it  was  equal 
to  something  more  than  24°  west,  and  was  then  advancing 
towards  the  same  quarter. 
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'  C.  Tkai  tttam  to  ksre  been  st  the  nte  of  awgiliiiig  more^ 
tbu  ten  mtnntes  cndi  year. 

7*.  It  if ;  bnt  the  simiud  yariation  if  not  legnlar.  It  is 
more  one  jear  than  another.  It  if  diffisrent  in  the  tereral 
niottthf,  and  eren  in  the  homrs  of  the  da j.  The  mean  declina- 
tion in  Janoarj,  185S,  was  02?  15'  west  at  Greenwieh. 

J,  Then  if  I  want  to  set  a  globe  dne  north  and  sooA,  to 
point  oat  the  atarw  bj,  I  ranst  more  it  aboot,  till  the  nee&  in 
the  compass  points  to  f2?  15'  west  ? 

T,  Just  so ;  and  mariners  knowing  the  dedination  at  differw 
ent  places  are  as  well  able  to  sail  bj  the  eompnss,  as  if  it 
pointed  dne  north. 

C  You  mentioned  the  property  which  the  needle  had  of 
dtppinr,  after  the  nu^netic  fluid  was  communicated  to  it :  is 
thst  alwajs  the  same  r 

T,  No ;  it  also  varies  slightly.  It  was  discovered  bj  Robert 
Korman,  a  compass-maker,  in  the  jear  1576,  and  he  then 
Ibnnd  it  to  dip  nearij  72®.  The  dip  in  January,  185S,  from 
the  observations  made  at  the  Royal  Observatory,  Greenwidi, 
was  68^  40". 

J,  Does  it  differ  in  diffsrent  places  ? 

T,  Yes:  in  the  year  1773,  observations  were  made  on  the 
subject,  in  a  voyage  towards  the  north  pole ;  and  from  these  it 
appears  that 

In  latitude  60°  18'  the  dip  was  75<'    (/ 

70  45       77  52 

80   12       81   52 

80  27       82     2 J 

The  dip  always  being  greater  as  the  distance  from  the  magnetic 
equator  is  greater. 

C.  What  is  the  magnetic  eouator  ? 

T.  It  girdles  the  earth  witnin  the  torrid  zone ;  it  cats  the 
terrestrid  eduator  in  longitude  10^  east  and  longitude  170^ 
east ;  it  reacnes  about  as  far  north  as  10^,  and  as  far  south  ar 
18^:  it  U  a  sinuous  and  very  irregular  curve.  There  is  no 
dip  or,  as  it  is  better  called^  ineHnaSon  of  the  needle  along  the 
line  of  this  equator. 

C,  And  I  suppose  there  are  magnetic  poles  also  ? 
'  T,  Yes ;  ana  they  are  as  peculiar  in  their  irregulsrity  as  the 
equator.  The  north  magnetic  pole  is  near  Hudson^s  Bay,  in 
70«  5'  W  of  latitude,  and  114*^55'  18"  west  longitude.  /The 
southern  magnetic  pole  is  supposed  to  be  in  72®  85'^  of  latitudei 
and  152®  SO'  of  east  longitnde.  The  difyping  needle  hanss  yerw 
tically  at  these  places,  the  inclination  being  therefore  90®. 

Magnetic  meridians  are  curved  lines  terminating  at  the  inag«» 
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netic  poles,  and  cutting  the  magnetic  equator :  thej  are  drawn 
through  the  places  where  the  declinations  are  similar. 

The  lines  of  equal  inclination  are  drawn  in  a  direction  some- 
what parallel  to  the  magnetic  equator,  and  pass  through  the 
places  where  the  dip  or  inclination  is  the  same. 

C  Can  jou  show  me  any  experiment  in  Dlustration  of  the 
dip  of  the  needle  ? 

T.  Here  is  a  m&gnetized  h&r  and  a  small  dipping  needle :  if  I 
carry  the  needle,  suspended  freely  on  a  pivot,  from  one  end  of 
the  magnetized  bar  to  the  other,  it  will,  when  directly  over  the 
south  pole,  settle  directly  perpendicular  to  it,  the  north  end 
being  next  to  the  south  pole.  As  the  needle  is  moved,  the  dip 
grows  less  and  less,  and  when  it  comes  to  the  magnetic  centre, 
it  will  be  parallel  to  the  bar ;  afterwards  the  south  end  of  the 
needle  will  dip,  and  when  it  comes  directly  over  the  north  pole, 
it  will  be  again  perpendicular  to  the  bar. 

C.  You  promised  to  tell  us  of  the  relation  between  atmo- 
spheric temperature  and  magnetic  variations. 

T,  Independently  of  the  changes  which  in  the  course  of 
years  have  carried  the  magnetic  pole  to  the  west  of  the  true 
north,  and  are  now  restoring  it  slowly  to  a  true  north  directioli 
in  respect  to  London,  and  at  the  rate  of  a  very  few  minutes  of 
a  degree  in  each  year,  there  are  daily  changes,  which  vary  in 
amount  with  the  place  and  the  season,  and  which  are  evidently 
connected  with  solar  heat.  These  are  greater  in  the  summer 
months  than  in  the  winter,  and  attain  a  maximum  from  noon 
for  an  hour  or  two  and  then  recede. 

The  intensity,  —  that  is,  the  magnetism  of  the  earth  itself,  —  as 
shown  by  the  magnet,  also  varies  in  amount,  and  unquestionably 
from  like  causes. 

Before  we  quit  the  subject  of  ma^etism,  I  will  present  you 
with  a  summary  of  fads  and  principles,  which  may  be  found 
useful  in  your  future  researches  : 

1.  Iron  bars  become  magnetical  by  position,  except  when 
they  are  placed  in  the  plane  of  the  magnetic  equator,  —  that  is, 
in  a  plane  which  is  perpendicular  to  the  direction  of  the  dipping 
needle. 

2.  Before  a  magnet  can  attract  iron  that  is  totally  free  from 
both  permanent  magnetism  and  that  of  position,  it  infuses  into 
the  iron  a  mi^etism  of  contrary  polarity  to  that  of  tiie  attract- 
ing pole. 

8.  An  iron  bar,  with  permanent  polarity,  wken  placed  any- 
where in  the  plane  of  the  magnetic  equator,  may  be  deprived  of 
its  magnetism  bv  a  blow. 

4.  In>n  heated  to  redness,  and  quenched  in  water,  in  a  vertical 
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jpOBition,  becomes  magnetic,  the  upper  end  gaining  south  pola* 
nty,  and  the  lower  end  north. 

5.  Hot  iron  receives  more  magnetism  of  position  than  the 
same  when  cold. 

6.  Magnetic  attraction  follows  the  same  law  as  that  of  gravi* 
tation ;  being  inversely  as  the  square  of  the  distance. 

7.  The  plane  of  the  magnetic  equator  is  a  plane  of  no  attrac* 
tion. 

8.  Magnetic  attraction  does  not  depend  upon  the  mass,  but 
upon  the  surface ;  a  shell  of  iron  attracts  a  magnet  equally  with 
a  ball  of  the  same  diameter. 

9.  An  electric  discharge,  made  to  pass  through  a  bar  of  iron 
void  of  magnetism,  when  nearly  in  the  position  of  the  magnetic 
axis  (i.  e.  of  the  dipping  needle),  renders  the  bar  magnetic ;  the 
upper  end  becoming  a  south  pole,  and  the  lower  a  north  pole : 
but  the  discharge  does  not  produce  any  polarity,  if  the  iron  b4 
placed  in  the  plane  of  the  magnetic  equator. 

10.  A  bar  of  iron,  possessing  some  magnetism,  has  its  polarity 
diminished,  destroyed,  or  inverted,  if  an  electric  discharge  be 
passed  through  iL  when  it  is  nearly  in  the  position  of  the  mag- 

^netic  axis,  provided  the  south  pole  of  the  bar  be  downward; 
while  its  magnetism  is  weakened  or  destroyed,  if  it' receive  the 
ishock  when  m  the  plane  of  the  magnetic  equator. 

11.  Iron  is  rendered  magnetical,  if  a  stream  of  the  electric 
fluid  be  passed  through  it,  when  it  is  in  a  position^nearly  corre- 
sponding with  that  of  the  magnetic  axis ;  but  no  effect  is  pro* 
duced  w^n  the  iron  is  in  the  plane  of  the  magnetic  equator. 


CONVERSATION  V. 

On  Diamagnetics,  and  on  the  Magnetization  of  Light. 
MagnetO' Crystalline  Action. 

J,  You  mentioned  diamagnetics  in  connection  with  the  name 
of  Dr.  Faraday :  I  am  sure  there  is  something  instructive  in  thia 
as  in  all  the  labours  of  that  industrious  philosopher. 

T,  Yes,  indeed  there  is ;  I  have  heretofore  been  talking  of 
iron  and  steel,  and  a  few  other  bodies,  which  place  themselves 
in  a  certain  direction  with  reference  to  the  masnet;  now  all 
other  bodies  take  a  direction  exactly  at  right  angles  to  this.  As, 
for  instance,  if  I  suspend  a  needle  freely  above  the  two  poles  of 
a  horseshoe  magnet,  it  will  place  itself  in  a  direction  from  pole 
to  pole,  whereas,  if  it  were  a  slip  of  wood,  a  piece  of  apple,  or  4 
candie-end  &c.  it  would  place  itself  across  this  direction,. 
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C  This  is  curious :  I  must  run  and  fetch  my  magnet,  in  order 
to  see  it  act  upon  a  piece  of  apple.- 

T,  It  will  be  of  no  use,  m^  boy :  for  this  can  only  be  accom« 
plished  by  the  use  of  ezceedmgly  powerful  magnets ;  and  these 
are  obtained  by  a  process  that  I  will  deiscribe  hereafter.  In  the 
course  of  his  investigations,  Dr.  Faraday  has  found  that  the  ma^i^ 
netic  bodies  are  iron,  nickel,  cobalt,  manganese,  chromium, 
cerium,  titanium,  palladium,  platinum,  and  osmium ;  and  that 
all  other  bodies  constitute  the  new  class  that  he  has  termed  dia" 
magnetics^  The  following,  according  to  the  order  in  which  they 
stand,  exhibit  it :  bismuth  (which  is  the  most  powerful,  and  is 
the  type  of  the  class),  phosphorus,  antimony,  zinc,  lead,  tin, 
flint-glass,  mercury,  water,  gold,  alcohol,  and  ether.  On  inves- 
tigating the  subject  more  closely,  he  found,  by  usin^  one  pole 
of  a  magnet,  that,  as  majrnetic  bodies  are  attracted^  diamagnetio 
bodies  are  actually  repeSedby  a  magnet.  Or,  as  he  expressed 
it  more  generally,  that,  in  tne  field  of  magnetic /orcej—Yiz,  in 
the  space  where  the  effects  of  a  magnet  are  felt, — magnetic 
bodies  go  from  weaker  to  stronger  places ;  and  diamagnetio 
from  stronger  to  weaker. 

But  there  are  no  such  things  as  diamagnetio  poles  and  po« 
larity,  which  shows  that  the  force  is  essentially  different  fron^ 
what  we  have  so  long  known  under  the  name  of  magnetism. 
He  has  also  proved  that  not  only  is  iron  magnetic,  but  all  other 
compound  bodies  into  which  iron  enters  are  also  magnetic. 

H^  has  also  completed  another  series  of  researches,  to  which 
I  will  briefly  refer  you,  in  which  he  has  shown  the  action  of 
magnetism  upon  light.  He  allows  a  ray  of  polarised  light  to 
pass  through  certain  transparent  bodies ;  heavy  glass,  made  of 
borate  of  lead,  is  the  best  for  this  purpose ;  he  then  turns  the 
analysing  plate  until  the  ray  is  at  its  minimum  of  intensity,  or 
nearly  extinguished;  a  very  powerful  magnet  is  now  made  to 
act  upon  the  glass,  and  the  ray  is  immediately  illuminated ;  in 
fact,  the  same  effect  is  produced  as  if  the  analysing  plate  had 
been  turned  back.  If,  on  the  other  hand,  the  ray  had  been  first 
brought  to  its  maximum  of  intensity,  and  the  magnet  had  then 
been  introduced,  the  ray  is  immediately  extinguished.  You 
will  remember,  that  when  I  described  the  circmar  rotation  of 
polarised  light  by  the  application  of  various  media,  it  was  right* 
nanded  or  left-handed  to  the  observer,  as  the  case  might  be, 
whichever  way  he  looked  into  the  medium ;  but  here,  it  is  right- 
handed  by  looking  into  one  end,  and  it  is  left-handed  by  look-^ 
ihg  into  the  other. 

J,  Is  the  ray  of  polarised  li^ht  to  pass  in  the  direction  of  the 
line  that  joins  the  magnetic  poles,  or  at  right  angles  to  this  Une? 
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T,  In  tlie  line  tliat  joins  the  poles ;  and^  if  the  poles  afd  so 
placed  that  the  north  pole  is  nearer  to  the  observer,  and  the 
south  more  distant,  the  rotation  occurs  from  left  fo  right,  and 
nice  vend.  The  angles  of  ma^etic  rotation  yarj  with  the  thidc-^ 
taess  of  the  body  tlurongh  which  the  raj  of  light  passes,  and  are 
different  in  diflerent  bodies ;  as,  for  instance, 

Faraday's  heavy  glass        -        -        -        -  i-oo 
Sulphuret  of  carbon  ...        -    ^74 

Water -25 

Ether -15 

J.  Since  magnetic  rotation  of  the  ray  depends  on  the  relative 
position  of  the  magnetic  pc^es,  I  presume  it  is  quite  independent 
of  natural  circular  rotation,  as  described  to  us  in  the  oonv^^sa- 
tions  upon  light. 

T.  It  is ;  and  according  as  the  two  phenomena  are  in  the 
tome,  or  in  contrary  directions,  the  resuHiuff  effect  is  either  the 
gum  or  the  difference  of  the  two.    M.  £.  Becquerel  passed  a 

Solarised  ray  at  the  same  time  through  a  piece  of  Faraday *8 
eavy  glass,  which  gave  a  rotation  of  16^,  and  through  a  column 
of  syrup  made  of  just  the  length  to  produce  Ihe  same  deviation, 
imd  he  obtained  either  92°  or  0%  accorditi^  as  he  exposed  the 
glass  to  magnetism  in  a  favourable  or  in  a  converse  direction. 

C  Does  the  magnetism  act  on  the  ray  of  polarised  Hght 
itself,  or  on  the  partides  of  the  transparent  body  ? 

T,  It  does  not  act  directly  on  the  ^ay;  for  polarised  light 
passing  through  vacuum  is  unaffected ;  and,  as  it  does  not  vary 
the  relative  position  of  the  particles,  it  acts  by  their  intervention 
in  a  manner  that  is  not  clearly  understood.  De  la  Rive  has 
pointed  out,  that  there  is  a  manifest  relation  between  the  magne- 
tic rotation  and  the  refracting  power  of  bodies,  and  he  says,  that 
these  new  phenomena  that  have  been  discovered  by  Faraday^ 
**  ought  to  be  attributed  to  an  action  of  magnets  and  electnc 
<Hirrents,  exercised  neither  on  the  partif^  alone,  nor  on  the 
ether  alone,  but  on  the  maimer  of  the  existence  of  the  particles 
in  respect  to  the  ether.** 

I  have  not  troubled  you  with  the  phenomena  of  the  polarisa- 
tion of  heat,  which  is  accomplished  by  a  piece  of  rock-salt ;  but 
I  may,  in  passing,  tell  you  that  a  polarwed  ray  of  heat  is  also 
made  to  rotate  by  means  of  magnetism. 

C  Then  there  is,  at  any  rate^  a  strong  r<dation  between  light 
and  magnetism* 

T.  There  is,  as  we  have  seen,  a  very  marked  relation.    Fara- 
day also  discovered  what  he  calls  a  nujigneto  crystalline  force. 
'  C,  I  suppose  this  means  that  magnets  act  upon  crystals  ? 
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'  T,  Yes ;  and  the  rektions  depend  on  the  direction  of  the 
crystalline  axis.  For  isntance,  an  ordinary  mass  of  bismutb 
places  itself,  with  respect  to  a  magnet,  across,  the  line  that  join3 
the  magnetic  poles ;  but  a  crystal  of  bismuth  places  itself  so  th^ 
the  line,  or  ^reat  axis  of  the  crystal,  is  directed  from  pole  to 

f>ole ;  and  this,  whether  the  said  axis  be  in  the  longer  or  shorter 
ength  of  the  piece  under  examination. 

C.  And  are  crystalline  compounds  of  metals  affected  by  thi|l 
force? 

T.  Sulphate  of  iron  is  a  magnetic  body ;  but  a  regular  crystal 
of  this  salt  directs  itself  quite  independently  of  its  magnetic 
properties.  A  crystal  of  cyanite,  wnen  delicately  suspended, 
has  been  actually  found  to  be  influenced  by  terrestrial  mag- 
netism, and  to  take  a  determinate  direction,  according  to  the 
position  of  the  magne-crvsiaUine  line.  A  crystal  of  oxide  of  tin 
IS  the  most  powerfully  directed  by  terrestrial  magnetism ;  and  it 
even  acts  upon  a  magnetised  needle.  Faraday  found  that  a  bis- 
muth crystal,  by  using  proper  precautions,  took  a  true  direction 
in  regard  to  the  poles  of  the  earth. 

C.  Is  a  magnetic  body,  which  should  essentially  be  attracted 
by  a  magnet,  made  by  the  magneto- crystalline  force  to  resemble 
a  diamagnetic  body,  and  be  repelled  f 

T.  No ;  and  this  is  the  distinctive  character  of  this  force.  It 
is  neither  attractive  nor  repulsive,  but  simply  directive.  The 
other  forces  act  on  the  whole  mass ;  this  force  acts  on  the  optic 
axis  alone,  and  is  dependent  upon  the  molecular  arrangement  of 
the  particles  of  the  crystal  itself,  which  are  nearer  to  each  other 
in  one  direction,  than  they  are  in  the  others.  And  it  is  very  im- 
material which  end  of  the  optic  axis  is  in  any  given  direction. 
Of  its  ends  a  b,  a  may  be  presented  to  the  north  pole,  and  b  to 
the  south  or  vice  versa, 

C  I  scarcely  understand  your  expression  **  molecular  ar« 
rangement?" 

T,  You  may  imderstand  this  from  the  following  experiment : 
^-If,  from  a  piece  of  gutta  percha  that  is  made  fibrous  by  the 
manufacturer,  two  slips  are  taken,  one  with  the  fibres  lengthwise, 
and  the  other  with  the  fibres  crosswise,  the  former  will  take  the 
direction  of  a  magnetic  body,  and  the  latter  the  direction  of  a 
diamagnetic  body.  The  only  difiTerence  in  the  two  cases  being 
in  the  structural  arrangement ;  and  this  is  the  case  with  true 
mrjBtsls, 

You  know  that  crystals  split  in  one  direction  better  than 
in  another.  This  is  called  the  direction  of  the  planes  of  cleavage. 
And  magneto-crystalline  action  is  such  that,  in  crystals  of  mag- 
netic bodies,  the  planes  of  cleavage  take  the  direction  of  a 
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magnetic  bodj,  y\z.  from  pole  to  pole,  called  by  Faraday  the 
nxto/  direction ;  while  crystals  of  diama^etic  liiodies  take  the 
direction  of  a  diama^etic  body,  tiz.  at  nght  angles  to  the  line 
joining  the  poles,  which  has  been  termed  the  eqtuSorial  direction. 
The  direction  assumed  has  been  termed  the  line  of  elective 
pdUxrity^  and  is  affected  by  whatever  affects  the  molecular  8truc<» 
ture;  and  disappears  when  this  structure  disappears,  as  when 
'bismuth  or  antunony  crystals  are  heated  to  the  point  of  fusion. 
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CONVERSATION  L 

UiTSODUCTION. 

V 

Tutor — Charles — Jamen. 

The  Early  History  of  Electricity. 

jT.  If  I  rub  {M«tty  briskly  this  stick  of  sealing-wax,  and  then 
hold  it  near  anj  light  substances,  as  little  pieces  of  paper,  they 
will  be  attracted,  and  will  jump  up  ahd  adhere  to  the  wax. 

C,  They  do;  and  I  think  I  have  heard  you  call  this  the  effect 
of  electricity :  but  I  do  not  know  what  electricity  is. 

T,  It  is  the  case  with  this  part  of  science  as  with  many  others 
— we  know  it  oniy  by  the  efiects,  which  it  produces.  As  I  have 
not  hitherto,  in  these  Conversations,  attempted  to  bewilder  your 
minds  with  too  much  theory,  neither  shall  I,  in  the  present  case, 
attempt  to  say  what  electricity  is :  its  action  is  well  known ;  it 
seems  diffused  over  every  portion  of  matter,  and  by  the  use  of 
proper  methods,  is  as  easily  collected. 

«A  I  see  nothing  adhering  to  the  sealing-wax,  when  you  have 
rubbed  it. 

T  You  do  not  see  the  air  with  which  you  are  surrounded, 
yet  I  have  shown  you'*'  that  it  may  be  taken  from  any  vessel,  as 
certainly  as  water  may  be  poured  from  this  glass.  With  the 
exercise  of  a  small  degree  of  patience,  you  shall  see  such  ex- 
periments as  will  not  fail  to  oonvince  you  that  there  is  a  some- 
thing,  or  a  power  added  to  the  wax  by  rubbing  it. 

C  But  who  discovered  electricity,  which  is  not  at  all  evident 
to  the  sense  either  of  sight  or  feeling  P 

T,  Thales,  who  lived  six  centuries  before  the  Christian  era, 
was  the  first  who  obseryed  the  electrical  properties  of  amber, 
and  he  was  so  struck  with  the  appearances  that  he  supposed  it 
to  be  animated. 

J.  Does  amber,  like  sealing  wax,  attract  light  bodies  ? 

T  Yes,  it  does ;  and  there  are  many  other  substances  as  weU 

•  Sm  HydroiUUct  and  FneunuUicfc 
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as  these  that  have  the  same  power.  Afler  Thales,  the  first  per- 
son  wc  read  of  that  noticed  this  subject  was  Theophrastus,  who 
discovered  that  tourmalin  has  the  power  of  attracting  light  bodies. 
It  dues  not,  however,  appear  that  the  subject,  though  verj 
curious,  excited  much  attention  till  about  200  years  ago,  when 
Dr.  Gilbert,  an  English  physician,  examined  a  great  variety  of 
substances,  with  the  view  of  ascertaining  how  far  they  might  or 
mijfht  not  be  ranked  among  electrics. 

C.  What  is  meant  by  an  electric  f 

T.  Any  substance  which,  being  excited  or  rubbed  by  the 
hand,  or  by  a  woollen  cloth,  or  other  means,  has  the  power  of 
attracting  light  bodies,  is  called  an  electric, 

•/.  Is  not  electricity  accompanied  with  a  peculiar  kind  of 
light,  and  with  sparks  P 

T,  It  is ;  of  which  we  shall  speak  more  at  large  hereafter. 
.The  celebrated  Mr.  Boyle  is  supposed  to  have  been  one  of -the 
first  persons  who  ^ot  a  glimpse  of  the  electrical  light,  or  who 
seems  to  have  noticed  it,  by  rubbing  a  diamond  in  the  dark. 
But  he  little  imagined  at  that  time  what  astonishing  efiects 
would  be  afterwards  produced  by  the  same  power.  Sir  Isaac 
Newton  wns  the  first  who  observed  that  excited  glass  attracted 
light  bodies  on  the  side  opposite  to  that  on  which  it  was  rubbed. 

C  How  did  he  make  the  discovery  ? 

T.  Having  laid  upon  the  table  a  round  piece  of  glass,  about 
two  inches  broad,  in  a  brass  ring,  by  which  it  was  raised  from 
the  table  about  the  eighth  of  an  inch,  and  then  rubbing  the 
glass,  some  little  bits  of  paper  which  were  under  it  were 
attracted  by  it,  and  moved  very  nimbly  to  and  from  the  glass. 

C  I  remember  standing  by  a  glazier  when  he  was  rubbing 
over  some  window-lights  with  oil,  and  cleaning  it  off  with  a 
stiff  brush  and  whiting,  and  the  little  pieces  of  whiting  linder 
the  glass  kept  continually  leaping  up  and  down,  as  the  brush 
moved  over  the  glass. 

T,  That  was,  undoubtedly,  an  electrical  appearance  of  the 
same  kind,  but  I  do  not  remember  having  ever  seen  it  noticed 
hj  any  writer  on  electricity.  To-morrow  we  shall  enter  into 
the  practical  part  of  the  subject ;  and  I  doubt  not  that  the  exr 
periments  in  this  part  of  the  science  will  be  as  interesting  as 
those  in  any  other  which  you  have  been  studying.  The  electrip 
light,  exhibited  in  different  forms ;  the  various  signs  of  attrac- 
tion and  repulsion  acting  on  all  bodies ;  the  electric  shock,  an^ 
the  explosion  of  the^ battery,  will  give  you  pleasure  and  ezcit'e 
^our  admiration. 
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CONVERSATION  IT. 

Of  Electric  Attraction  and  Repulsion,  —  Of  Electrics  and  Con- 
ductors, 

.  T*  You  must,  for  a  little  time,  that  is,  till  we  exhibit  before 
you  experiments  to  prove  it,  regard  the  earth  and  all  bodies 
upon  it  as  a  ^eat  magazine  of  electricity.  A  certain  quantity 
belongs  to  all  bodies,  and  this  is  called  their  natural  quantity  ; 
and  so  long  as  a  body  contains  neither  more  nor  less  than  this 
quantity,  no  sensible  effect  is  produced, 

J,  Has  this  table  electricity  in  it  ? 

T.  Yes,  and  so  has  everything  else  in  the  room ;  and  if  I 
were  to  take  proper  means  to  put  more  into  it  than  it  now  out 
and  you  were  to  put  your  knuckle  to  it,  it  would  throw  it  has, 
in  the  shape  of  sparks. 

J,  I  should  life  to  see  this  done. 

C.  But  what  would  happen  if  you  should  take  away  some  of 
its  natural  quantity  ? 

T,  Why,  then,  if  you  presented  any  part  of  your  body  to 
the  table,  as  your  knuckle,  a  spark  would  go  from  you  to  the 
table. 

J,  But  perhaps  Charles  might  not  have  more  than  his  natural 
share,  and,  in  that  case,  he  could  not  spare  any. 

T,  True;  but  to  provide  for  this,  the  earth  on  which  he 
stands  would  lend  him  a  little,  to  make  up  for  what  he  parted 
with  to  the  table. 

J,  This  must  be  an  amusing  study ;  I  think  I  shall  like  it 
better  than  any  of  the  others. 

T,  Take  care  you  do  not  pay  for  the  amusement  before  we 
have  done. 

Here  is  a  glass  tube  about  eighteen  inches  long,  and  perhaps 
an  inch  or  more  in  diameter.  I  rub  it  up  and  down  quickly  in 
my  hand,  which  is  dry  and  warm,  and  now  I  will  present  it  to 
these  fragments  of  paper,  thread,  and  gold-leaf.  You  see  they 
all  move  to  it.    That  is  called  electrical  attraction, 

C,  They  jump  back  again  now  ;  and  now  they  return  to  the 
glass. 

T,  They  are,  in  fact,  alternately  attracted  and  repelled,  and 
this  will  hist  several  minutes,  if  the  glass  be  strongly  excited.  I 
will  rub  it  again ;  present  your  knuckle  to  it  in  several  parts, 
one  afler  another. 

J,  What  is  that  snapping  ?  I  feel,  likewise,  something  like 
the  pricking  of  a  pin. 

.  jT.  The  snapping  ia  occasioned  by  little  sparks  which  com^ 
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from  the  tube  to  jour  knuckle,  and  these  giTe  the  sensation  of 
pain. 

Let  us  go  into  a  dark  room,  and  repeat  the  ezperimeBt. 

C  The  sparks  are  evident  enough  now ;  b«t  I  do  not  know 
where  they  can  come  from. 

T.  The  air  and  everything  is  full  of  electrSeity  ;  and,  what- 
ever be  the  cause,  which  I  do  not  attempt  to  explain,  the  rub- 
)>ing  of  the  glass  with  the  hand  collects  it,  and  haTing  now  Biore 
than  its  natural  share,  it  parts  with  h  to  you,  or  to  me^  or  to 
anybody  else  that  may  be  near  enough  to  receiye  it. 

J.  Will  any  other  substance  besides  the  hand  excite  the  tube  ? 

T.  Yes,  many  others,  and  these,  in  this  science,  are  called  the 
rvhhers ;  and  the  glass  tube,  or  whateyer  is  capable  of  being 
thus  excited,  is  called  an  eleciric, 

C.*Are  not  all  sorts  of  solid  substances  capal^e  of  being 
excited  ? 

T.  You  may  rub  this  poker,  or  the  round  ruler,  for  ever, 
without  obtaining  an  electric  spark  fVom  it. 

«/.  But  you  said  one  might  get  a  spark  from  the  mahogany 
table,  if  it  had  more  than  its  share. 

T.  So  I  say  you  may  have  sparks  from  the  poker  or  ruler,  if 
they  possess  more  than  their  common  share  of  electric  fluid. 

C,  These  bodies  appear  to  be  divided  into  two  classes  ? 

T.  Yes ;  and  these  from  their  general  characters  are  termed 
conductors  and  non-conductors.  The  metals  are  the  best  con- 
ductors; resin  and  shell-lac  are  the  worst.  There  is  a  gra- 
dually descending  scale,  so  that  the  two  classes  merge  into  each 
other  ;  so  that,  in  fact,  a  non-conductor  is  nothing  more  than  a 
bad  conductor,  though  still  a  conductor ;  and  a  conductor  is  a 
bail  insulator,  but  still  an  insulator. 

C  I  can  scarcely  understand  this. 

T.  Each  of  the  bodies  holds  its  rank  as  a  conductor  or  a 
non-conductor  only  by  comparison ;  copper,  for  instance,  is  a' 
xerj  good  conductor,  and  air  a  very  bad  one  ;•  yet  if  an  electric 
discharge  is  about  to  take  place,  and  there  be  two  paths  opened 
out  to  it,  one  of  great  length  through  copper  wire,  and  the 
other  of  a  small  interval  of  air,  the  greater  portion  of  the  charge 
will  pass  by  the  latter  path. 

J,  I  heard  you  make  use  of  the  word  wsuiator.  I  suppose 
it  is  synonymous  with  non-conductor. 

T.  It  is ;  and  it  is  by  the  knowledge  of  which  are  the  best  in- 
sulators that  we  are  enabled  to  conduct  our  experiments ;  for 
unless  we  select  means  of  preventing  an  escape  of  electricity,  it 
is  in  vain  to  accumulate  it.  Silk,  if  dry,  is  a  non-conductor. 
With  this  skein  of  sewing  silk  I  hang  the  poker  a  to  a  hook -in 
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the  ceiling,  so  as  to  be  about  twelve  incbes  from  it ;  nndemeatb* 
and  near  the  extremitj,  are  some  small  substances,  as  bits  of 
paper,  &c.  I  will  excite  the  glass  tube,  and  present  it  to  the 
upper  part  of  the  poker. 

C  They  are  all  attracted ;  but  now  jou 
take  away  the  glass,  thej  are  all  quiet. 

T.  It  is  evident  that  tiie  electricitj  passed 
from  one  part  of  the  tube  through  the  poker, 
which  is  a  conductor  to  the  paper,  and  at- 
tracted it.  J£  the  glass  be  properly  excited 
JOU  may  take  sparks  from  the  poker. 

J,  Would  not  the  same  happen  if  another 
glass  tube  were  placed  instead  of  the  poker  ? 

T.  You  shall  try.  Now  I  have  put  the 
glass  in  the  place  of  the  poker,  but  let  me 
excite  the  other  tube  as  much  as  I  will,  no 
effect  can  be  produced  on  the  paper :  there 
are  no  signs  of  electrical  attraction,  which 
shows  that  the  electricity  will  not  pass 
through  glass. 

C.  What  would  have  happened  if  any 
conducting  substance  had  been  used  instead 
of  silk  to  suspend  the  iron  poker  P 

T.  If  I  had  sus^nded  the  poker  with  a  moistened  hempen 
strinor,  the  electricity  would  have  all  passed  away  through  that, 
and  there  would  have  been  no  (or  very  trifling)  appearance  of 
electricity  at  the  end  of  the  poker.  Sealing-wax  may  be  ex« 
cited  as  well  as  a  glass  tube,  and  will  produce  similar  effects. 

The  following  is  a  list  of  bodies  in  the  order  of  their  con- 
ducting powers,  beginning  with  the  best  conductor,  and  ending 
with  the  worst  conductor  or  best  insulator.  I  have  drawn  a 
line  between  the  last  of  what  are  in  general  terms  called  con« 
ductors,  and  the  first  in  the  list  of  insulators. 
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All  the  metals. 

Carbon. 

Plumbago. 

Acids. 

Saline  solutions. 

Metallic  ores. 

Sea-water. 

Spring-water. 

Rain-water. 

Ice  above  13''  Fahr. 

Flame. 


Smoke. 
Soluble  salts. 
Earths  and  moist  rocks. 
Powdered  glass. 
Flowers  of  sulphur. 

Dry  oxides. 
Oils. 

Vegetable  ashes. 
Animal  ashes. 
Dry  crystals. 
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Ice  below  13' 

F>hr. 

Hair.    Wool 

Fliosphorus. 

Silk. 

Lime. 

Precious  stones. 

Drj  cbalk. 

Diunond. 

Caoutchouc 

Vitrefactiona, 

Camphor. 
Marhle. 

Glass. 

Jet. 

Porcelain. 

Was. 

Baked  wood. 
Dry  air. 

Sulphur. 

Leather. 

Gutta  percha  (f> 

Porch  Dient. 

Amber. 

Filler 

Gum-lac 

CONVERSATION  HI. 
Of  Ike  Eleclrical  Machine. 

T.  Inill  now  expliun  toyoutheconstructjon  of  the  electrical 
machine,  and  show  jou  how  to  use  it. 

C  For  what  purpose  is  it  used  F 

T.  Soon  after  this  subject  engaged  the  attention  of  men  oC 
science,  tbej  began  to  contrive  the  readiest  methods  of  collect- 
ing large  quantities  of  ekctricitj.  Bj  rubbing  this  stick  of 
sealing-wax  I  can  collect  a  Bmall  portion :  if  I  excile  or  rub  the 
glaas  tube,  I  get  still  more.  The  object,  therefore,  was  to  find 
out  a  machine  by  whicb  the  largest  quantities  can  be  collected, 
with  aa  Uttle  trouble  and  ex;>en3e  as  mav  be. 
.  J.  Tou  get  mors  electricity  from  the  tube  dian  from  the 
sealing-wnK,  because  it  is  five  or  six  times  as  laive :  by  increas- 
ing the  size  of  tbe  tube,  you  would  increase  the  quantity,  I 
should  think. 

T.  That  is  a  natural 


been  constructed. 

A  common  form  \i 
cylinder,    from    five 
Inches  in  diameter,  t 
twelve.     Here   is  one  com^ 
pletely  fitted  up.    Tbe  cy' 
finder  a  d  is  about  eight  inch  i 
in   diameter,   and   twelve 
fourteen  in  length;  thisi 
round  in  tbe  framework, 
&e  handle  o  c. 
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J,  What  is  the  piece  of  black  silk  k  for  ? 

T.  The  cylinder  would  be  of  no  use  without  a  rubber,  you- 
know ;  on  which  account  you  see  the  glass  pillar  b  s,  which, 
being  cemented  into  a  piece  of  hard  wood,  is  made  to  screw  into 
the  bottom  of  the  machine  ;  on  the  pillar  is  a  cushion,  to  which 
is  attached  a  piece  of  black  silk. 

C.  And  I  perceive  the  cushion  is  made  to  press  hard  against^ 
the  glass. 

T.  This  pressure,  when  the  cylinder  is  turned  round  fast,  acts 
precisely  like  the  rubbing  of  the  tube  by  the  hand,  though  in  a 
still  more  perfect  manner^    I  will  turn  it  round. 

J.  There  is  not  much  sign  of  electricity  yet. 

T.  No  :  the  machine  is  complete,  but  it  has  no  means  of  col- 
lecting the  fluid  from  the  surrounding  bodies :  for  you  see  the 
cushion  or  rubber  is  fixed  on  a  glass  pillar,  and  glass  will  not 
conduct  electricity. 

C.  Nevertheless,  it  does,  by  turning  round,  show  some  signs 
of  attraction. 

T.  The  signs,  which  are  now  evident,  arise  from  the  small 
quantity  which  exists  in  the  rubber  itself,  and  the  atmosphere, 
that  immediately  surrounds  the  machine. 

C  Would  the  case  be  different  if  the  rubber  were  fixed  on  a 
conducting  substance  instead  of  glass  ? 

T.  It  would ;  but  there  is  a  much  easier  method :  I  will  hang 
this  brass  chain  to  the  cushion  at  r,  which,  being  several  feet 
long,  lies  on  the  table  or  on  the  floor,  and  this  you  know  is  con- 
nected, by  means  of  other  objects,  with  the  earth,  which  is  the. 
grand  reservoir  of  electricity.  Now  see  the  effect  of  turning 
round  the  cylinder ;  but  I  must  make  every  part  of  it  dry  and 
rather  warm,  by  rubbing  it  with  a  dry  warm  cloth. 

•  J,  It  is  indeed  very  powerful.  What  a  crackling  noise  it 
makes ! 

T.  Shut  the  window-shutters. 

C,  The  appearance  is  very  beautiful :  the  flashes  from  the 
silk  dart  all  round  the  cylinder. 

T,  I  will  now  bring  to  the  cylinder  the  tin  conductor  i^,  which ' 
is  also  placed  on  a  glass  pillar,  f  if,  fixed  in  the  stand  at  f. 

J.  What  are  the  points  in  the  tin  conductor  for? 

T,  They  are  intended  to  collect  the  electricity  from  the  cy- 
linder. I  will  turn  the  cylinder,  and  do  you  hold  your  knuckles 
within  four  or  five  inches  of  the  conductor. 

•  C  The  painful  sensations  which  the  sparks  occasion,  prove 
that  electricity  is  a  very  powerful  agent  wnen  collected  in  largQ 
quantities. 

jT.  To  show  you  the  nature  of  conducting  bodies,  I  will  noT| 
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throw  another  brass  chain  over  the  conductor,  so  that  one  end 
pf  it  may  lie  on  the  floor.  See  now  if  jou  can  get  any  sparks 
while  I  turn  the  machine. 

J*  No,  I  can  get  none,  put  my  knuckle  as  near  to  it  as  I  wilL 
Poes  it  all  run  away  by  the  chain  ? 

T.  It  does ;  a  piece  of  brass  or  iron  wire  would  do  as  well ; 
and  so  would  any  conducting  substance  which  touched  the  con- 
ductor with  one  end,  and  the  floor  with  the  other  :  your  body 
would  do  as  well  as  the  chain.  Place  your  hand  on  the  con- 
ductor, while  I  turn  round  the  cylinder ;  and  let  your  brother 
bring  his  knuckle  near  the  conductor. 

C  I  can  get  no  spark. 

T.  It  runs  througn  James  to  the  earth,  and  you  see  his  body 
ia  a  conductor  as  well  as  the  chain.  With  a  very  little  con- 
trivance I  can  take  sparks  from  you  or  James,  as  well  as  you 
did  from  the  conductor. 

J.  I  should  like  to  see  how  that  is  done. 

T.  Here  is  a  small  stool,  having  a  mahogany  top  and  glass 
legs.  If  you  stand  on  that,  and  put  your  hand  on  the  con- 
ductor, the  electricity  will  pass  from  the  conductor  to  your 
body. 

C,  Will  the  glass  legs  prevent  its  running  from  him  to  the 
earth? 

T.  They  will ;  and,  therefore,  what  he  receives  from  the  con- 
ductor, he  will  be  ready  to  part  with  to  any  of  the  surrounding 
bodies,  or  to  you,  if  you  bring  your  hand  near  enough  to  any 
part  of  him. 

J,  The  sparks  are  more  painful  in  coming  through  my  clothes 
than  when  I  received  them  on  my  bare  hand. 

T,  They  are :  you  understand,  I  hope,  the  process. 

C.  By  means  of  the  chain  trailing  on  the  ground,  the  elec- 
tricity is  collected  from  the  earth  on  the  glass  cylinder,  which 
gives  it  by  means  of  the  points  to  the  conductor ;  from  this  it 
may  be  conveyed  away  again  by  means  of  other  conductors. 

T,  Whatever  body  is  supported,  or  prevented  from  touching 
the  earth  or  communicating  with  it,  by  means  of  glass,  or  other 
non-conducting  substances,  is  said  to  be  insulated.  Thus,  a 
body  suspended  on  a  silk  line  is  insulated ;  and  so  is  any  sub- 
stance that  stands  on  glass,  or  resin,  or  wax,  provided  that  these 
are  in  a  dry  state,  for  moisture  will  conduct  away  the  electricity 
from  any  charged  body. 

Hence  you  will  understand  the  construction  of  electrical  ma- 
chines, which  are  so  formed  as,  by  excitation,  to  collect  elec<* 
tricity,  which  cannot  escape  again,  owing  to  th#  glass  cylinder, 
globCf  or  piate  being  insulated. 
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CONVERSATION  IV. 

Of  the  Electrical  Machine, 

C.  What  18  that  shining  substance  which  I  saw  jou  put  to 
the  rubber  yesterday  ? 

T.  It  is  called  amalgam ;  the  rubber,  by  itself,  would  produce 
but  a  slight  excitation  :  its  power,  howerer,  is  greatly  increased 
by  laying  upon  it  a  little  of  this  amalgam,  which  is  made  of 
quicksilver,  zinc,  and  tinfoil,  with  a  little  tallow  or  mutton- 
suet  ;  or  else  a  little  deuto-sulphuret  of  tin  (mosaic  gold). 
-  J,  Is  there  any  art  required  in  using  this  amalgam  ? 

T.  When  the  rubber  and  silk  flap  are  very  uean  and  dry, 
and  in  their  place,  spread  a  little  of  the  amalgam  upon  a  piece 
of  leather,  and  apply  it  to  the  upper  part  of  the  glass  cyhnder 
while  it  is  revolving  from  you ;  by  this  means,  particles  of  the 
amalgam  will  be  carried  by  the  glass  itself  to  the  lower  part  of 
the  rubber,  and  will  increase  the  excitation. 

C.  I  think  I  once  saw  a  globe,  instead  of  a  cylinder,  for  an 
electrical  machine. 

T,  You  might :  globes  were  used  before  cylinders,  but  the 
latter  are  the  more  convenient  of  the  two.  The  most  powerful 
electrical  machines  are  fitted  with  flat  plates  of  glass.  Some  of 
these  are  very  powerful. 

C.  Yes  :  1  have  often  seen  the  large  one  at  the  Polytechnic ; 
the  plate  is  seven  feet  in  diameter ;  the  snapping  of  tne  sparks 
is  almost  alarming,  and  they  are  ten  or  twelve  inches  in  length. 

J,  As  I  was  able  to  conduct  the  electricity  from  the  con- 
ductor to  the  ground,  could  I  likewise  act  the  part  of  the  chain, 
by  conducting  the  fluid  from  the  earth  to  the  cushion  ? 

T.  Undoubtedly  ;  I  will  take  off"  the  chain,  and  now  do  you 
keen,  your  hand  on  the  cushion  while  I  turn  the  handle. 

J.  I  see  the  machine  works  as  well  as  when  the  chain  was  on 
the  ground. 

T.  Keep  your  present  position,  but  stand  on  the  stool  with 
glass  legs  ;  by  which  means  there  is  now  all  communication  cut 
off*  between  the  cushion  and  the  earth ;  in  other  words,  the 
cushion  is  completely  insulated,  and  ean  only  take  from  you 
what  electricity  it  can  cet  from  your  body.  Go,  Charles,  and 
shake  hands  with  your  brother. 

C\  It  does  not  appear  that  the  machine  had  taken  all  the 
electricity  from  him,  for  he  gave  me  a  smart  spark. 

T,  You  are  mistaken ;  he  gave  you  nothings  but  he  took  a 
spark  from  you. 
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C.  I  stood  on  the  ground ;  I  was  not  electrified :  how  then 
could  I  give  him  a  spark  ? 

T,  The  machine  nad  taken  from  James  the  electricity  that 
was  in  his  body,  and  by  standing  on  the  stool,  that  is,  by  being 
insulated,  he  had  no  means  of  receiving  any  more  from  the 
earth,  or  any  surrounding  objects  :  the  moment,  therefore,  you. 
brought  your  hand  near  him,  the  electricity  passed  from  you  to 
him. 

C  I  certainly  felt  the  spark  ;  but  whether  it  went  out  of,  or 
entered  into,  my  hand,  I  cannot  tell :  have  I  then  less  than  my 
share  now  P 

T,  No ;  what  you  gave  to  your  brother  was  supplied  imme* 
diately  from  the  earth.  Here  is  another  glass-legged  stool ;  do 
you  stand  on  this,  but  at  the  distance  of  a  foot  or  two  from 
your  brother,  who  still  keeps  his  place.  I  take  the  electricity 
from  him  by  turning  the  machine,  and,  as  he  stands  on  the 
stool,  he  has  now  less  than  his  share.  But  you  have  your  na- 
tural share,  because,  though  you  also  are  insulated,  yet  you  are. 
out  of^  the  influence  of  the  machine :  extend,  therefore,  your 
hand,  and  give  him  a  part  of  the  electric  fluid  that  is  in  you. 

C  I  have  given  him  a  spark. 

T.  And  being  yourself  insulated,  you  have  now  less  than  your 
natural  quantity,  to  supply  which,  you  shall  have  some  from 
me ;  give  me  your  hand.  You  draw  it  back  without  my 
touching  it ! 

C  I  did,  but  it  was  near  enough  to  get  a  strong  spark  from 
you. 

T,  When  a  person  has  less  electricity  than  his  natural  share, 
be  is  said  to  be  electrified  mintts^  or  negatively ;  but  if  he  has 
more  than  his  natural  share,  he  is  said  to  be  electrified  plus,  or 
positively.  But  these  terms  must  be  used  with  great  caution  ; 
because,  after  all,  we  are  not  quite  sure  which  really  is  the  atate 
of  having  more,  and  which  the  state  of  having  less,  or  whether 
there  are  such  states  at  all :  for  it  is  more  than  probable,  that 
electricity  is  &  force  and  not  a  thing.  But  we  must  not  wander 
into  this  devious  path.  We  will  use  the  term ;  but  with  the 
understanding  that  what  we  call  plus  or  positive  electricity,  is 
that  produced  on  glass  when  it  is  rubbed  with  silk,  and  what 
we  call  minus  or  negative,  is  that  produced  on  sealing-wax 
under  similar  circumstances. 
i  C.  Why  do  you  lay  such  a  stress  upon  the  word  on  f 

T,  Because  the  rubber  as  well  as  the  body  rubbed  became 
hoth  electrified,  and  they  assume  the  opposite  states.  So  that 
when  glass  is  made  positive  by  a  silk  rubber,  the  rubber  itself 
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J,  Then,  before  Charles  gave  roe  the  spark,  I  was  electrified 
minus ;  and  when  he  hud  given  it  to  me,  he  was  minus  till  h^ 
received  it  from  you. 

7*.  That  is  right.  Suppose  you  stand  on  a  stool  and  hold  the 
rubber,  and  Charles  stand  on  another  stool,  and  touch  the  prime 
conductor  l,  while  I  turn  the  machine,  which  of  you  will  be 
plus,  and  which  minus  electrified  ? 

J,  I  shall  be  minus,  because  I  give  to  the  rubber :  and  Charles 
will  be  plus,  because  he  receives  from  the  conductor  what  I  gave 
to  the  rubber,  and  which  is  carried  by  the  cylinder  to  the  con- 
•ductor. 

T,  You  then  have  less  than  your  share,  and  your  brother  has 
more  than  he  ought  to  have.  Now,  if  I  get  another  glass-legged 
stool,  I  can  take  from  Charles  what  he  has  too  much,  and  give 
it  to  you,  who  have  too  little. 

C  Is  it  necessary  that  you  should  be  insulated  for  this 
purpose  ? 

T,  By  being  insulated,  I  may,  perhaps,  carry  back  to  James 
the  very  electricity  which  passed  from  him  to  you.  But,  if  I 
■stand  on  the  ground,  the  quantity  which  I  take  from  you  will 
pass  into  the  earth,  because  I  cannot,  unless  I  am  insulated^ 
retain  more  than  my  natural  share. 

J,  And  what  is  given  by  you  to  me  is  likewise  instantaneously 
supplied  by  the  earth  ? 

T.  It  is.  Let  us  make  another  experiment  to 
jhow  that  the  electric  liuid  is  taken  from  the 
earth.  Here  are  some  little  balb  made  of  the 
•pith  of  elder :  they  are  put  on  the  thread  c  i>, 
and  being  very  light,  are  well  adapted  to  our 
purpose. 

While  the  chain  is  on  the  cushion,  and  I  work 
the  machine,  do  you  bring  the  balls  near  the 
conductor,  by  holding  the  thread  at  b.  ^' 

J,  They  are  attracted  by  it ;  and  now  the  two  balls  repe^ 
each  other,  as  in  the  figure  x. 

T,\  ought  to  have  told  you  that  the  upper  part  b  of  the  line 
is  silk,  by  which  means  you  know  the  balls  are  insulated,  as 
silk  is  a  non-conductor.  I  take  the  chain  off  from  the  cushion 
•and  put  it  on  the  conductor,  so  as  to  hang  on  ihe  ground,  while 
I  turn  the  machine.  Will  the  balls  be  anected  now,  if  you  hold 
them  to  the  conductor  ? 
'    J,  No,  they  are  not. 

T.  Take  them  to  the  cushion.  •« 

■'.  C  They  are  Attracted  and  repelled  now,  by  beinff  brought 
near  the  cushion,  as  they  were  before  by  being  earned  to  the 
conductor. 
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T,  Yes,  and  you  maj  take  sparks  from  the  cushion  as  you 
did  just  now  from  the  conductor :  in  both  cases  it  must  be  evi- 
dent that  the  electric  fluid  is  brought  from  the  earth. 

Some  machines  are  furnished  with  two  conductors^  one  of 
which  is  connected  with  the  cushion,  the  other  such  as  we  have 
described.  Turn  the  cylinder,  and  both  conductors  will  be 
electrified :  but  any  body  which  is  brought  within  the  influence 
4if  these  will  be  attracted  by  one  of  the  conductors,  and  repelled 
by  the  other;  and  if  achain  or  wire  be  made  to  connect  the  two 
together,  neither  will  exhibit  any  dectric  appearances:  they 
seem,  therefore,  to  be  in  opposite  states ;  accordingly,  electri- 
cians say  that  the  conductor  connected  with  the  cushion  is 
utgatAY&y  electrified,  and  the  other  is  positiyely  electrified. 


CONVERSATION  V. 
Of  Electrical  AUracHon  and  RepuUion, 

J.  What  is  this  large  roll  of  sealing-wax  for  ? 

71  As  I  mean  to  explain,  this  morning,  the  principles  of  elec« 
trical  attraction  and  repulsion,  I  have,  besides  the  electrical 
machine,  brought  out  for  use  a  roll  of  sealing-wax,  which  is 
^bout  fifteen  inches  long,  and  an  inch  and  a  quarter  in  diameter ; 
I  have  also  here  the  glass  tube. 

C  Are  they  not  both  electrics,  and  capable  of  bein^  excited  ? 

T.  They  are  ;  but  the  electricity  produced  by  exciting  t^em 
has  different  or  contrary  properties.  I  will  excite  the  glass 
tube,  and  Charles  shall  excite  the  wax.  Now  do  you  bring  the 
pith  balls,  which  are  suspended  on  silk  to  the  tuTO.  They  are 
suddenly  drawn  to  it,  and  now  they  are  repelled  from  one 
another,  and  likewise  from  the  tube,  for  you  cannot  Easily  make 
them  touch  it  again  :  —  but  take  them  to  the  excited  wax. 

J,  The  wax  attracts  them  very  powerfully:  now  they  fiedl 
together  again,  and  appear  in  the  same  state  as  they  were  in 
before  they  were  brought  to  the  excited  tube. 

T,  Repeat  the  experiment  again  and  again,  because  on  this 
two  difierent  theories  have  been  formed ;  one  of  which  is,  that 
there  are  two  electricities,  called,  by  some  philosophers,  the 
vitreous  or  positive  electricity,  and  resinous  or  negative  elec* 
tricity.  , 

C  Why  are  they  called  vitreous  and  resinous  f 

T,  The  word  vitreous  is  Latin,  and  signifies  any  glassy  sub* 
stance ;  and  the  word  resinous^  used  to  denote  that  the  electri- 
4iity  produced  by  resins,  wax,  &c.,  possesses  difierent  qualities 
£p0m  that  produced  by  glass. 
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J,  Is  it  not  natural  to  suppose  that  there  are  two  electricities^ 
since  the  excited  wax  attracts  the  verj  same  bodies  that  the 
excited  glass  repels  P 

T,  It  may  be  as  easily  explained,  by  supposing  that  every 
body,  in  its  natural  state,  possesses  a  certain  quantity  of  the 
electricity,  and  if  a  part  of  it  be  taken  away,  it  endeavours  to 
get  it  from  other  bodies ;  or,  if  more  be  thrown  upon  it  than  its 
natural  quantity,  it  yields  it  readily  to  other  bodies  that  come 
irithin  its  influence. 

C  I  do  not  understand  this. 

T,  If  I  excite  this  glass  tube,  the  electricity  which  it  exhibits 
is  supposed  to  come  from  my  hand ;  but  if  I  excite  the  roll  of 
wax  in  the  same  way,  the  effect  is,  according  to  this  theory,  that 
a  part  of  the  electric  fluid  naturally  belonging  to  the  wax  passes 
from  it  through  my  hand  to  the  earth ;  and  the  wax,  being 
surrounded  with  the  air,  which,  in  its  dry  state,  is  a  non-con- 
ductor, remains  exhausted,  and  is  ready  to  take  sparks  from  any 
body  that  may  be  presented  to  it. 

J,  Can  you  distinguish  that  the  sparks  came  from  the  glass  to 
the  hand ;  and  on  the  contrary,  from  the  hand  to  the  wax  P 

T,  No :  the  velocity  with  which  the  electric  spark  moves 
renders  it  impossible  to  say  what  course  it  takes ;  but  I  shall 
show  you  other  experiments  which  seem  to  justify  this  theory  : 
and,  as  Nature  always  works  by  the  simplest  means,  it  seems 
more  consistent  with  her  usual  operations  that  there  should  be 
one  fluid  rather  than  two,  provided  that  known  facts  can  be 
•equally  well  accounted  for  by  one  as  by  two. 

C  Can  you  account  for  all  the  leading  facts  by  either  theory  P 

r.  Yes,  we  can.  You  saw  when  the  pith  balls  were  electri- 
fied they  repelled  one  another.  It  is  a  general  principle  in 
electricity,  that  two  bodies  similarly  electrified  repel  one  another. 
But  if  dissimilarly,  they  will  attract  one  another. 

J.  How  is  this  shown  P 

T.  I  will  hold  this  ball,  which  is  insulated  by  a  silk  thread, 
-to  the  conductor,  and  do  you,  Charles,  do  the  same  with  the 
other.     Let  us  now  bring  tliem  together. 

C.  No,  we  cannot :  they  fly  from  one  another. 

T.  I  will  hold  mine  to  the  insulated  cushion,  and  you  shall 
hold  yours  to  the  conductor,  while  the  machine  is  turned :  now 
I  suspect  they  will  attract  one  another. 

J,  They  do  indeed. 

C  The  reason  is  this,  that  the  cushion,  and  whatever  is  In 

contact  with  it,  parts  with  a  portion  of  its  electricity;  but  the 

conductor,  and  the  adjoining  bodies,  have  more  than  their  share'; 

-therefore,  the  ball  applied  to  the  cushion  being  negatively  elec* 
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trified,  will  attract  the  one  connected  with  the  conductor,  which 
3s  positively  electrified. 

T,  Here  is  a  tuft  of  feathers,  which  I  stick  in  a  small  hole  i;i 
the  conductor :  now  see  what  happens  when  I  turn  the  cylinder. 

J,  They  all  endeavour  to  avoid  each  other,  and  stand  erect 
in  a  beautiful  manner.  Let  me  take  a  spark  from  the  conductor ; 
now  they  fall  down  in  a  moment. 

T,  When  I  turned  the  wheel,  they  all  had  more  than  their 
share  of  the  electric  fluid,  and  therefore  they  repelled  one  an» 
other ;  but  the  moment  the  electricity  was  taken  away^  they  fell 
into  their  natural  position.  A  large  plume  of  feathers,  when 
electrified,  grows  beautifully  turgid,  expanding  its  fibres  in  ail 
directions,  and  they  collapse  when  the  electricity  is  taken  off. 

J.  Could  you  make  the  hairs  on  my  head  repel  one  another  ? 

T,  Yes,  that  I  can.    Stand  on  the  glass-legged  stool,  and  hold 
the  chain  that  hangs  on  the  conductor,  in  your  hand,  while  I 
turn  the  machine. 
■    C.  Now  your  hairs  stand  all  on  end. 

J,  And  I  feel  something  like  cobwebs  over  my  face. 

T.  There  are,  however,  no  cobwebs,  but  that  is  the  sensation 
which  a  person  always  experiences  if  he  be  highly  electrified. 
Hold  the  pith  ball,  Charles,  near  your  brother's  face. 

J,  It  is  attracted  in  the  same  manner  as  it  was  before  with 
the  conductor. 

T.  Hence  you  may  lay  it  down  as  a  general  rule,  that  all  light 
substances  coming  within  the  influence  of  an  electrified  body  are 
attracted  by  it,  whether  it  is  electrified  positively  or  negatively* 

C.  Because  they  are  attracted  by  the  positive  electricity  to 
receive  some  of  the  superabundant  quantity  ;  and  by  the  nega- 
tive to  give  away  some  that  they  possess. 

T.  Just  so :  and  when  they  have  received  as  much  as  they  can 
contain,  they  are  repelled  by  the  electrified  body.  The  same 
thing  may  be  shown  in  various  ways.  Having  excited  this  glass 
tube,  either  by  drawing  it  several  times  through  my  hand  or  by 
means  of  a  piece  of  flannel,  I  will  bring  it  near  this  small  feather. 
See  how  quickly  it  jumps  to  the  glass* 

•7*.  It  does,  and  sticks  to  it. 

T,  You  will  observe,  that,  after  a  minute  or  two,  it  will  have 
taken  as  much  electricity  from  the  tube  as  it  can  hold,  when  it 
will  suddenly  be  repelled,  and  jump  to  the  nearest  conductor ; 
upon  which  it  will  discharge  the  superabundant  electricity  t^at 
it  has  acquired. 

J.  I  see  it  is  now  going  to  the  ground,  that  being  the  nearest 
xonductor. 
^    T.  I  will  prevent  it,  by  holding  the  electrified  tube  between 
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it  and  the  floor.  Tou  see  how  unwilling  it  is  to  come  again  in 
contact  with  the  tube :  by  pursuing,  I  can  drive  it  where  1  please 
without  touching  it. 

C  That  is,  because  the  glass  and  the  feather  are  both  charged 
with  the  same  electricity. 

T.  Let  the  feather  touch  the  ground,  or  any  other  conductor, 
and  you  will  see  that  it  will  jump  to  the  tube  as  fast  as  it  did 
before. 

I  will  suspend  this  brass  plate,  which  is  about  five  inches  in 
diameter,  to  the  conductor,  and  at  the  distance  of  three  or  four 
inches  below,  I  will  place  some  small  feathers,  or  bits  of  pnper 
cut  into  the  figures  of  men  and  women.  They  lie  very  quiet  at 
present ;  observe  their  motions  as  soon  as  I  turn  the  wheel. 

J,  They  exhibit  a  pretty  country  dance :  they  jump  up  to  the 
toppiate,  and  then  down  again. 

T,  The  same  principle  is  evident  in  all  these  experiments. 
The  upper  plate  nas  more  than  its  own  share  of  the  electric  fluid, 
which  attracts  the  little  figures  :  as  soon  as  they  have  received 
a  portion  of  it,  they  go  down  to  give  it  to  the  lower  plate ;  and 
so  it  will  continue  till  the  upper  plate  is  discharged  of  its  super- 
abundant quantity. 

I  will  take  away  the  plates,  and  hang  a  chain  on  the  conductor, 
the  end  of  which  shall  lie  in  several  folds  in  a  glass  tumbler ;  if 
I  turn  the  machine,  the  electric  fluid  will  run  through  the  chain, 
and  will  electrify  the  inside  of  the  glass.  This  done,  I  turn  it 
quickly  over  eight  or  ten  small  pith  calls,  which  lie  on  the  table* 

C  This  is  a  very  amusing  si^ht :  how  they  jump  about  I  They 
serve  also  to  fetch  the  electricity  from  the  gfass  and  carry  it  to 
the  table. 

T.  If  instead  of  the  lower  metal  plate,  I  hold  in  my  hand  a 
pane  of  dry  and  very  clean  glass,  by  the  comer,  the  paper  figures, 
or  pith  balls,  will  not  move,  because  glass  being  a  non*  conduct- 
ing substance,  it  has  no  power  of  carrying  away  the  superabun- 
dant electricity  from  the  plate  suspended  from  the  conductor. 

Take  now  the  following  results,  and  commit  them  to  your 
memoir :  — 

1.  If  two  insulated  pith  balls  be  brought  near  the  conductor^ 
and  be  electrized  by  touching  it,  they  will  repel  each  other. 

2.  If  an  insulated  conductor  be  connected  with  the  cushion, 
and  two  insulated  pith  balls  be  electrised  by  it,  they  will  repel 
each  other. 

3.  If  one  insulated  ball  be  electrized  by  the  prime  conductor, 
and  another  by  the  conductor  connected  with  the  cushion,  and 
they  be  brought  near,  they  will  attract  each  other. 

s  s 
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'    4.  If  one  ball  be  electrized  by  glass,  and  another  by  wax, 
they  will  attract  each  other. 

5.  If  one  ball  be  electrized  by  a  smooth,  and  another  by  a 
rough,  excited  glass  tube,  they  will  attract  one  another. 

C.  What  is  that  you  sa^  about  rough  glass  ?  You  have  not 
mentioned  any  difference  in  glass  before. 

T.  I  should  have  told  you  that  bodies  become  differently 
electrized,  according  to  the  nature  of  the  rubber ;  as,  for  in- 
stance, polished  glass  when  rubbed  with  woollen  cloth  becomes 
positively  electrized,  and  when  rubbed  with  the  skin  of  a  cat  be- 
comes negatively  electrized.  The  following  is  a  list  of  bodies, 
which  are  negatively  electrized  when  rubbed  by  a  body  prece- 
ding them  in  the  list,  and  positively  when  rubbed  by  one  fol- 
lowing :* — 

Cats'  skin.  Paper. 

Polished  glass.  Silk. 

Woollen  cloth.  Gum  lac. 

Feathers,  liougU  glass. 

Wood. 
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Of  Electrical  Attraction  and  Hepuhion. 

T.  I  will  show  you  another  instance  or  two  of  the  effects  of 
electrical  attraction  and  repulsion. 

This  apparatus  consists  of  three  bells  suspended  from  a  brass 

wire,  the  two  outer  ones  by  small  brass 
chains ;  the  middle  bell,  and  the  two  clap- 
pers X  or,  are  suspended  on  silk,  From 
the  middle  bell  there  is  a  chain  n,  which 
goes  to  the  table,  or  any  other  conduct- 
ing substance.  The  bells  are  now  to  be 
hung  by  c  on  the  conductor,  and  the 
electrical  machine  to  be  put  in  motion. 
J,  The  clappers  go  from. bell  to  bell, 
and  make  very  pretty  music ;  how  do  you 
explain  this  ? 

T»  The  electric  fluid  runs  down  the  chains  a  and  b  to  the 
bells  A  B :  these,  having  more  than  their  natural  quantity,  attract 
the  clappers  x  4:,  which  take  a  portion  from  a  and  b,  and  carry 
it  to  the  centre  bell  n,  and  this,  by  means  of  the  chain,  conveys 
it  to  the  earth. 

C  Would  not  the  same  effect  be  produced  if  the  clappers 
were  not  suspended  on  silk  ? 


Fig.  4. 
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T,  Certainly  not :  nor  will  it  be  produced  if  tlie  chain  be 
taken  away  from  the  bell  n,  because  then  there  is  no  waj  left 
to  carry  on  the  electric  fluid  to  the  earth. 

Another  amusing  experiment  is  thus  made : — Let  there  be 
two  wires  placed  exactly  one  above  another,  and  parallel ;  the 
upper  one  must  be  -suspended  from  the  conductor,  the  other  is 
to  communicate  with  the  table.  A  light  image  placed  between 
these  will,  when  the  conductor  is  electrized,  appear  like  ^  rope- 
dancer. 

This  piece  of  leaf^brass  is  called  the  electric  fish ;  one  end  is 
a  sort  of  obtuse  angle,  the  other  is  acute ;  if  the  large  end  be 
presented  towards  a  charged  conductor,  it  will  attach  itself  to 
It,  and,  from  its  wavering  motion,  will  appear  to  be  animated. 

This  property  of  attraction  and  repulsion  has  led  to  many 
inventions  of  mstruments  called  electroscopes  and  electro- 
meters. 

J,  Is  not  an  electrometer  a  machine  to  measwe  the  stren^^th 
of  the  electricity  f 

T,  Yes ;  and  this  is  one  of  the  most  simple,  and 
it  depends  entirely  upon  the  repulsion  which  takes 
place  between  two  electrized  bodies.  It  consists 
of  a  light  rod  and  a  pith  ball,  hanging  parallel  to 
the  stem,  but  turning  on  the  centre  of  a  semicircle, 
BO  as  to  keep  close  to  its  graduated  limb.  This 
is  to  be  placed  in  a  hole  a  on  the  conductor  l  (see 
fig.  2.),  and  accordingly  as  the  conductor  is  more 
or  less  electrized,  the  oall  will  fly  farther  from  the  ^j  ^ 
stem. 

C  If  the  circular  part  be  marked  with  degrees,  you  may^' 
I  suppose,  get  an  idea  of  the  strength  of  any  g^iven  charge. 

T,  Yes,  jrou  may ;  but  you  see  how  fast  the  air  carries  away 
the  .electricity ;  it  scarcely  remains  a  single  moment  in  the 
place  to  which  it  was  repelled.  Two  pith  balls  may  be  'sus- 
pended parallel  to  one  another,  on  silken  threads,  and  applied 
to  any  part  of  an  electrical  machine,  and  they  will  by  their  re« 
pulsion  serve  for  an  electrometer ;  for  they  will  repel  one  aao- 
ther  the  more  as  the  machine  acts  more  powerfully. 
;   J,  Has  this  any  advantage  over  the  other  ? 

T,  It  serves  to  show  whether  the  electricity  be  negative  or 
positive ;  for  if  it  be  positive,  by  applying  an  excited  stick  of 
sealing-wax  the  threads  will  fall  together  again ;  but  if  it  be 
negative,  excited  sealing-wax,  or  resiti,  or  sulphur,  or  even  a 
rod  of  glass,  the  polish  of  which  is  taken  ofi*,  will  make  them 
recede  farther. 

We  have  now  perhaps  said  enough  respecting  electrical  aU' 

B  £  ^ 
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traction  and  repulsion,  at  least  for  the  present ;  I  wish  you, 
however,  to  commit  the  following  results  to  your  memory :  — 

1 .  Bodies  that  are  electrized  positively  repel  each  other. 

2.  Bodies  that  are  electrized  negatively  repel  each  other. 

C  Do  you  mean  that  if  two  bodies  have  either  more  or  Icsa 
of  the  electric  fluid  than  their  natural  share,  they  will  repel 
each  other  if  brought  sufficiently  near  ? 

T,  That  is  exactly  what  I  mean. 

S.  Bodies  electrized  by  contrary  powers,  that  is,  two  bodies, 
one  having  more  and  the  other  less  than  its  natural  share, 
attract  each  other  very  stron^rij. 

4.  Bodies  that  are  electrized  attract  light  substances  which 
are  not  electrized. 

These  are  facts  which  I  trust  have  been  made,  evident  to 
your  senses.  To-morrow  we  will  describe  what  is  usually 
called  the  Leyden  phiaL 


CONVERSATION  VIL 
Of  the  Leyden  Fkial,  or  Jar. 

T,  I  will  take  away  the  wires  and  the  ball  from  the  con- 
ductor, and  then  remove  the  conductor  an  inch  or  two  farther 
from  the  cylinder.  If  the  machine  acts  strongly,  bring  an  in- 
sidated  pith  ball,  that  is^  one  hanging  on  silk,  to  the  end  of  the 
conductor,  nearest  to  the  glass  cylinder. 

C  It  is  immediately  attracted. 

T.  Carry  it  to  the  other  end  of  the  conductor,  and  see  what 
happens. 

C,  It  is  attracted  again ;  but  I  thought  it  would  have  been 
repelled. 

T,  Then,  as  the  ball  was  electrified  before  and  is  stilL  ai-f 
iractedt  you  are  sure  that  the  electricities  of  the  two  ends  of 
the  conductor  are  of  di£Ek«nt  namea;  that  is,  one  is  phu  and 
the  other  miniu. 

J,  Which  is  the  positive^  and  which  is  the  negative  end  ? 

T.  That  end  of  tne  conductor  which  is  nearest  to  the  cylinder 
becomes  possessed  of  an  ^ectricity  different  from  that  of  the 
cylinder  itself. 

J,  Do  you  mean,  that  if  the  cylinder  i»  positirely  electrized^ 
the  end  of  the  conductor  next  to  it  is  electrized  negatively  ? 

T.  I  do ;  and  this  you  may  see  by  holding  an  insulated  pith 
ball  between  them. 

C  Tes ;  it  is  now  very  evident,  for  the  ball  fetches  and 
carries^  aa  we  have  seen  it  do  before. 
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T,  Here  iis  a  common  glass  tumbler :  if  I  throw  withinside 
it  a  greater  portion  of  electricity  than  its  natural  share,  and 
hold  it  in  my  hand,  or  place  it  on  any  conducting  substance,  as 
a  table,  a  part  of  the  electric  fluid,  that  naturally  belongs  to  the 
outside,  will  make  its  escape  through  my  body,  on  the  table. 

C  Let  me  try  this. 

T»  But  you  must  be  careful  that  you  do  not  break  the  glass. 

C.  I  will  hang  the  chain  on  the  conductor,  and  let  the  other 
end  lie  on  the  bottom  of  the  glass,  and  James  will  turn  the 
machine. 

T,  You  must  take  care  that  the  chain  does  not  touch  the 
edge  of  the  glass,  because  then  the  electric  fluid  will  run  from 
one  side  of  it  to  the  other,  and  spoil  the  experiment. 

J,  If  I  have  turned  the  machine  enough,  take  the  chain  and 
try  the  two  sides  with  the  insulated  pith  ball. 

C  What  is  this  ?  something  has  pierced  through  my  arms 
and  shoulders.    . 

T.  That  is  a  trifling  electric  shock  which  you  might  have 
avoided,  if  you  had  waited  for  my  directions. 

C  Indeed  it  was  not  trifling  :  I  feel  it  now. 

T,  This  leads  us  to  the  Ley  den  phial,  so  called  because  the 
discovery  was  first  made  at  Leyden,  in  Holland,  and  by  means 
of  a  phial  or  smidl  bottle. 

J,  Was  it  found  out  in  the  same  manner  as  Charles  has  just 
discovered  it  P 

T»  Nearly  so.  Mr.  Cuneus,  a  Butch  philosopher,  was  hold- 
ing a  glass  phial  in  his  hand,  about  half  filled  with  water,  but 
the  sides  above  the  water  and  the  outside  were  quite  dry ;  a 
wire  also  hung  from  the  conductor  of  an  electrical  machine  into 
the  water. 

J.  Did  that  answer  to  the  chain  ? 

T,  Just  so ;  and,  like  Charles,  he  was  goins  to  disengage  thd 
wire  with  one  hand,  as  he  held  the  bottle  in  the  other,  and  was 
surprised  and  alarmed  by  a  sudden  shock  in  his  arms  and 
through  his  breast,  which  he  had  not  the  least  expected. 

C  I  do  not  think  there  was  anything  to  be  alarmed  at.    - 

T.  The  shock  which  he  felt  was,  probably,  something  severer 
than  that  which  you  have  just  experienced  ;  but  the  terror  was 
evidently  increased  by  its  coming  so  completely  unexpected. 

When  M.  Muschenbroek  first  felt  the  shocK,  whicn  was  by 
means  of  a  thin  glass  bowl,  and  very  slight,  he  wrote  to 
M.  Reaumur  that  he  felt  himself  struck  in  his  arms,  shoulders, 
and  breast,  so  that  he  lost  his  breath,  and  was  two  whole  days 
before  he  recovered  from  the  effects  of  the  blow. 

C  Perhaps  he  meant  the  fright. 
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T,  Terror  seems  to  have  been  the  effect  of  tbe  shock ;  for  lie 
adds,  ^  I  would  not  take  a  second  shock  for  the  whole  langdom 
of  France- 
Mr.  Ninkler,  an  experimental  philosopher  at  Leipsic,  de« 
scribes  the  shock  as  having  given  him  convulsions,  a  heaviness 
in  his  head,  such  as  he  should  feel  if  a  large  stone  were  on  it, 
and  he  had  reason  to  dread  a  fever,  to  prevent  which  he  put 
himself  on  a  course  of  cooling  medicines.  ^  Twice,**  he  sajs, 
^  it  gave  me  a  bleeding  at  the  nose^  to  which  I  am  not  inclined ; 
and  my  wife,  whose  curiosity  surpassed  her  fears,  received  the 
shock  twice,  and  found  herself  so  weak  that  she  could  scarcely 
walk.  Nevertheless,  in  the  course  of  a  few  days,  she  received 
another  shock,  which  caused  a  bleeding  at  the  nose.'* 
J.  Is  this  called  the  Leyden  pbiai  ? 
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T,  It  is.  Leyden  phials  are  now  made  in  this  manner  :  a  b, 
fig.  6.)  is  a  glass  jar,  both  inside  and  out  being  covered  with  tin- 
oil  about  three  parts  of  the  way  up,  as  far  as  x. 

C.  Does  the  outside  covering  answer  to  tbe  hand,  and  the 
inside  covering  to  the  water  f 

T,  They  do.  The  piece  of  wood  z  is  placed  on  the  top, 
merely  to  support  the  brass  wire  and  knob  v,  to  the  bottom  of 
which  hangs  a  chain  that  rests  on  the  bottom  of  the  jar.  I  will 
now  set  the  jar  in  such  a  situation,  that  it  shall  be  within  two 
or  three  inches  of  the  conductor,  while  I  work  the  machine. 

J,  The  sparks  fly  rapidly  from  the  conductor  to  the  knob  v. 

T.  By  that  means  the  inside  of  the  jar  becomes  charged  with 
a  superabundant  quantity  of  electricity ;  and  as  it  cannot  con- 
tain this  without,  at  the  same  time,  driving  awa^  an  equal 
Quantity  from  the  outside,  the  inside  is  charged  positively,  and 
tne  outside  negatively.  To  restore  the  equilibrium,  I  must 
make  a  communication  between  the  outside  and  inside. with 
some  conducting  substance ;  that  is,  I  must  make  the  same  sub- 
stance touch  at  the  same  time  the  outside  tinfoil  and  that  which 
is  within,  or,  which  is  the  same  thing,  another  substance  that 
does  touch  it. 
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C,  The  brass  wire  touches  the  inside :  if  I,  therefore,  with 
one  hand  touch  the  knob,  and  with  the  other  the  outside  cover* 
ing,  will  it  be  sufficient  ? 

T,  It  will :  but  I  had  rather  you  would  not,  because  the  shock 
will  be  more  powerful  than  I  should  wish  either  you  or  myself 
to  experience.  Here  is  a  brass  wire  with  two  little  balls  or 
knobs  h  s  (fig.  7.)  screwed  to  it.  I  will  bring  one  of  them,  as  Si 
to  the  outside,  and  the  other^  b,  to  the  ball  y  on  the  wire.  (See 
fig.  6.) 

J,  What  a  brilliant  spark,  ^d  what  a  loud  noise ! 

T.  The  electric  fluid,  that  occasions  the  light  and  the  noise, 
ran  from  the  inside  of  the  jar,  through  the  wire  to  «,  and  spread 
itself  oyer  the  outside. 

C.  Would  it  have  gone  through  my  arms  if  I  had  put  one 
hand  to  the  outside,  and  touched  the  wire  conmiunicating  with 
the  inside  with  the  other  P 

T.  It  would,  and  you  may  conceiye  that  the  shock  would  have 
been  in  proportion  to  the  quantity  of  the  fluid  collected.  The 
instrument  I  used  may  be  called  a  discharging-rod.  But  here 
is  a  more  conyenient  one  (fig.  8.) :  the  handle  b  is  solid  glass, 
fastened  into  a  brass  socket,  and  the  brasswork  is  the  same  as  in 
ithe  last  figure ;  only  by  turning  on  a  joint,  the  arms  may  be 
opened  to  any  extent. 

J.  Why  is  the  handle  glass  ? 

T,  Because  glass  being  a  non-conductor,  the  electric  fluid 
passes  through  the  brasswork  without   affecting    the  hand; 
whereas,  with  the  other,  a  small  sensation  was  perceiyed  while  I 
discharged  the  jar. 
.    C  Would  the  jar  neyer  discharge  itself? 

T,  Yes ;  by  exposure  to  the  air  for  some  time,  the  charge  of 
the  jar  will  be  silently  and  gradually  dissipated,  for  the  super- 
abundant electric  fluid  of  the  inside  will  escape,  by  means  of  the 
air,  to  the  outside  of  the  jar.  But  electricians  make  it  a  rule 
neyer  to  leave  a  jar  in  its  charged  state. 

J.  What  is  the  reason  of  this  rule  ? 

T,  To  prevent  accidents.  A  person  coming  into  the  room 
unawares,  by  touching  a  charged  jar,  might  receive  a  shock  that, 
under  peculiar  circumstances,  might  be  attended  with  dangerous 
consequences. 

There  is  a  circumstance  connected  with  the  charging  of  a  glass 
plate,  or  a  jar,  that  I  desire  to  point  out :  it  is,  tha^  the  charge 
IS  not  in  the  metal  coating,  but  resides  on  the  respective  surfaces 
of  the  elass.  I  have  here  ajar  with  movable  coatings,  which  are 
of  tin,  like  tin  canisters :  I  place  the  jar  in  one  of  the  tins,  and 
place  the  other  tin  in  the  jar,  and  they  thus  serve  as  coatings*- 
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When  the  jar  is' charged,  I  can  remove  the  inner  lining  by  a 
glass  rod,  without  discnarging  it,  and  I  then  lift  the  jar  out  of 
the  outer  lining.  I  find  no  traces  of  electricity  on  either  canis* 
ter,  and  if  there  were,  it  would  escape  when  I  place  them,  as 
I  do,  on  the  table.  But  on  returning  them  to  their  places,  I 
can  discharge  the  jar,  proving  that  tne  charge  remained  with 
the  glass. 


CONVERSATION  VIK. 

Of  the  Lej/den  Jar — Lane's  Discharging  Electrometer^  and  the 

Electrical  Battery, 

C  In  discharging  the  jar  yesterday,  I  observed  that,  when 
one  of  the  discharging-rods  touched  the  outside  of  the  jar,  the 
flash  and  report  took  place  before  the  other  end  came  in  contact 
with  the  brass  wire  that  communicates  with  the  inside  coating. 

T.  Yes,  it  acts  in  tlie  same  manner  as  when  you  take  a  spark 
from  the  conductor ;  you  do  not,  for  that  purpose,  bring  your 
knuckle  close  to  it. 

«/.  Sometimes,  when  the  machine  acts  very  powerfully,  yon 
may  get  the  spark  at  the  distance  of  several  inches.  * 

T,  By  the  same  principle,  the  higher  an  electrical  or  Leyden 
jar  is  charged,  the  more  easily,  or  at  a  greater  distance,  is  it 
discharged. 

C,  From  your  experiments  it  does  not  seem  that  it  will  dis- 
charge at  so  great  a  distance  as  that  in  which  a  spark  may  be 
taken  from  the  conductor. 

T.  Very  frequently  a  jar  will  discharge  itself  after  it  has  accu- 
inulated  as  much  of  the  electric  fluid  as  it  can  contain ;  that  is, 
the  fluid,  which  is  thrown  on  the  inside  coating,  will  make  its 
way  along  the  surface  of  the  glass,  to  the  outside  coating. 

Jr.  In  a  Leyden  jar,  after  the  first  discharge,  you  always,  I 
perceive,  take  another  and  a  smaller  one. 

T,  The  whole  charge  will  not  pass  at  first  from  the  inside  to 
the  out :  what  remains  is  called  the  residuum^  and  this,  an  a 
large  jar,  would  give  you  a  considerable  shock;  therefore,  I 
advL^e  you  always,  in  discharging  an  electrical  jar,  to  take  away 
the  residuum  before  you  venture  to  remove  the  apparatus.  1 
will  now  describe  an  electrometer,  which  depends  for  its  action 
on  the  principles  we  have  been  describing. 

C  Do  you  mean  upon  the  jar*8  discharging  before  the  outside 
and  inside  coating  are  actually  brought  into  contact  ? 

T,  I  do.  The  arm  b  (fig.  9.)  is  made  of  glass,  and  proceeds 
from  a  socket  on  the  wire  of  the  electrical  jar  7.    To  the  top  of. 
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the  glass  arm  ia  cemented  another  bjrass 
socket  B,  through  which  a  wire,  with  balls  B   \ 
and  c  at  each  end,  will  slide  backwards  and 
forwards. 

J.  So  that  it  may  be  brought  to  anj  dis- 
tance from  the  ball  a,  which  is  on  the  wire, 
connected  with  the  inside  of  the  jar. 

r.  Just  so.    When  the  jar  »■  is  let  eii 
in  contact  with,  or  verj  near,  the  conductor  "''  *" 

■s  it  is  represented  in  the  figure,  and  the  ball  b  is  set  at  the 
distance  of  the  eighth  of  an  inch  from  the  ball  a,  let  a  wire  k 
be  fixed  between  the  ball  o  and  the  outside  coating  of  the  jar. 
Then,  ss  soon  as  the  machine  is  worked,  the  jar  cannot  b« 
charged  beyond  a  certain  point;  for,  when  the  charge  is  strong 
enough  to  pass  from  a  to  the  hall  b,  the  discharge  will  take 
place,  and  the  electric  fluid,  collected  in  the  inside,  will  pass 
through  the  wire  k  to  the  outside  coating. 

C.  If  you  remove  the  balls  to  a  greater  distaDce  from  one 
another,  will  a  stronger  charge  be  required  before  the  fluid  can 
pass  from  the  inside  of  the  jar  to  the  ball  b  of  the  electrometer  F 

T.  Certainly :   and,   therefore,  the  discharge  will  he  much 
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which  proceed  from  the  inside  of  each 
three  of  these  jars,  are  screwed  or  fas- 
tened to  a  common  horizontal  wire  b, 
which  is  knobbed  at  each  extremity ;  and 
by  means  of  the  wires  s  s  the  inside 
coating  of  three  or  six, 
nine,  may  be  connected. 

J.  Is  It  a  common  box 
jars  are  placed  ?  «    m 

T.  The  inside  of  the  box  is  lined  with  '' 

tinfoil ;  sometimes  very  thin  plates  are  used,  for  the  putpose 
of  connecting  more  effectually  the  outside  coating  of  the  jars. 

a  What  IS  the  hook  c  on  one  of  the  sides  of  the  box  for  P 

T.  To  this  hook  is  fastened  a  strong  wire,  which  commu- 
nicates with  the  inside  lining  of  the  box,  and  that,  of  course, 
with  the  outside  coating  of  the  jars.     And,  e"  ■-.  •  ~ 

hook  a  wire  is  also  fastened,  which  connects  il 
of  the  discharging  rod  a. 

J.  Ia  there  any  particular  art  to  be  used  in  chalking  « 
battery  P 

T.  No :  the  best  way  is  to  bring  a  chain,  or  a  piece  of  wire. 
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from  the  conductor  to  o^e  of  the  balls  e  e  on  the  rods  that  rest 
upon  the  jars,  and  then  set  the  machine  to  work.  The  electric 
fluid  passes  from  the  conductor  to  the  inside  of  all  the  jars,  till 
they  are  charged  sufficiently  high  for  the  purpose.  Great 
caution,  however,  must  be  used  when  you  come  to  make  ex- 
periments with  a  battery,  for  fear  of  an  accident,  either  to 
yourself  or  to  the  spectators. 

C  Would  a  shock  from  this  be  attended  with  any  bad  con« 
sequences  ? 

T.  Yes :  very  serious  accidents  may  happen  from  the  elec 
tricity  accumulated  in  a  large  battery ;  and  even  with  a  battery 
such  as  is  represented  in  the  figure,  a  shock  may  be  given, 
which  if  passed  through  the  head,  or  other  vital  parts  of  the 
bod^,  may  be  attended  with  very  mischievous  effects. 

•/.  How  do  you  know  when  the  battery  is  properly  charged  P 

T,  The  quadrant  electrometer  (fig.  5.)  is  the  best  guide, 
and  this  may  be  fixed  either  on  the  conductor  or  upon  one  of 
the  rods  of  the  battery.  But  if  it  is  fixed  on  the  battery*  the 
stem  of  it  should  be  of  a  good  length,  not  less  than  twelve  or 
fifteen  inches. 

C.  How  high  will  the  index  stand  when  the  battery  is 
charged  P 

T.  It  will  seldom  rise  so  high  as  90°,  because  a  machine, 
linder  the  most  favourable  circumstances,  cannot  charge  a  bat- 
tery so  high,  in  proportion,  as  a  single  jar.  You  may  reckon 
that  a  battery  is  well  charged  when  the  index  rises  as  high  as 
60**,  or  between  that  and  70°. 

J,  Is  there  no  danger  of  breaking  the  jars  when  the  battery 
is  very  highly  charged  P 

T*  Yes,  there  is ;  and  if  one  jar  be  cracked,  it  is  impossible  to 
charge  the  others  till  the  broken  one  be  removed.  To  prevent 
accidents,  it  is  recommended  not  to  discharge  a  battery  through 
a  good  conductor,  except  the  circuit  is  at  least  five  feet  long. 

C.  Do  you  mean  the  wire  should  be  so  lon^  P 

T»  Yes,  if  you  pass  the  charge  through  a  wire ;  but  you  may 
carry  it  through  any  conductor. 

Before  a  battery  be  used,  the  uncoated  part  of  the  jars  must 
be  made  perfectly  clean  and  dry ;  for  the  smallest  particles  of 
dust  or  moisture  will  carry  away  the  electric  fluid.  And,  after 
an  explosion,  take  care  always  to  connect  the  wire  on  the  hook 
with  the  ball,  to  prevent  any  residuum  remaining. 

J.  Have  not  small  animals  been  sometimes  killed  by  an  elec- 
tric battery  P 

T.  Yes :  rats  and  mice,  jind  pigeons  have  been  killed  in^ 
sUntly  with  discharges  from  a  battery. 
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CONVERSATION  IX. 
Experiments  made  with  the  Electrical  Battery. 

T,  I  will  now  show  you  some  experiments  with  this  large 
battery.  To  perform  these  in  perfect  safety,  I  must  beg  you 
to  stand  a  good  distance  from  it :  this  will  prevent  accidents. 

Ex.  1.  I  take  this  quire  of  writing-paper,  and  place  it  against 
the  hook  or  wire  that  coines  but  of  the  box ;  and  when  the  bat- 
tery is  charged  I  put  one  ball  of  the  discharging-rod  to  a  knob 
-of  one  of  the  wires  f,  and  bring  the  other  knob  to  that  part  of 
the  paper  that  stands  against  the  wire  proceeding  from  the  box. 
You  see  what  a  hole  it  has  made  through  every  sheet  of  the 
paper.     Smell  the  paper  where  the  perforation  is. 

C  It  smells  like  sulphur. 

T,  Or  more  like  phosphorus.  You  observe,  in  this  experi- 
ment, that  the  electric  fluid  passed  from  the  inside  of  the  jars, 
through  the  conducting-rod  and  paper,  to  the  outside. 

J,  Why  did  it  not  pass  through  the  paper  in  the  same 
manner  as  it  passed  the  brass  discharging-rod,  in  which  it  made 
no  hole  ? 

T.  Paper  is  a  non-conducting  substance,  but  brass  is  a  con- 
ductor. Through  the  latter  it  passes  without  any  resistance, 
and,  in  its  endeavour  to  get  to  the  inside  of  the  box,  it  bursts 
the  paper.  The  same  tmng  would  have  happened  had  there 
been  twice  or  thrice  as  much  paper.  The  electric  fluid  of  a 
sin^e  jar  will  pierce  through  many  sheets  of  paper. 

&.  Would  it  serve  any  other  non-conducting  substance  in 
the  same  manner  ? 

T,  Yes ;  it  will  even  break  a  thin  piece  of  glass,  or  of  resin, 
or  of  sealing-wax,  if  it  be  interposed  between  the  discharging- 
rod  and  the  outside  of  the  coatmg  of  the  battery. 

Ex.  2.  Place  a  piece  of  loaf-sugar  in  the  situation  in  which 
the  quire  of  paper  was  just  now ;  the  sugar  will  be  broken,  and 
in  the  dark  it  will  appear  beautifully  iUuminated,  and  remain 
so  for  many  seconds  of  time. 

Ex.  3.  Let  the  small  piece  of  wire  proceeding  from  the  hole 
in  the  box  be  laid  on  one  side  of  a  plate,  containing  some 
spirits  of  wine,  and  on  the  opposite  side  of  the  plate  bring  one 
of  the  knobs  of  the  discharging-rod»  while  the  other  is  carried 
to  the  wires  connected  with  the  inside  of  the  jars. 

C.  Then  the  electric  fluid  will  have  a  passage  through  the 
spirit. 

T,  It  will  set  it  on  fire  instantly. 

Ex.  4.  Take  two  slips  of  common  window-glass,  about  four 
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inches  long,  and  one  inch  broad.  Put  a  slip  of  gold  leaf  be- 
tween the  glasses,  leaving  a  small  part  of  it  out  at  each  end; 
then  tie  the  glasses  together,  or  press  them  with  a  heavy  weight, 
and  send  the  charge  of  the  battery  through  it,  by  connecting 
one  end  of  the  glass  with  the  outside  of  the  jars,  and  bringing 
the  discharging-rod  to  the  other  end^  and  to  the  wires  of  the 
inside  of  the  battery. 
J,  Will  it  break  the  glass  ? 

T,  It  probably  will ;  but  whether  it  does  or  not,  the  gold 
leaf  will  be  forced  into  the  pores  of  the  glass,  so  as  to  appear 
like  glass  stained  with  gold,  which  nothing  can  wash  away. 

Ex.  5.  If  the  gold  leaf  be  put  between  two  cards,  and  a 
strong  charge  passed  through  it,  it  will  be  ocnnpletely  fused  (»r 
melted,  the  marks  of  which  will  appear  on  the  card. 

This  instrument,  called  a  universal  discharger,  is  very  useful 

for  passing  charges  through  many 
substances,  bb  are  glass  pillars, 
cemented  into  the  frame  a.  To 
each  of  the  pillars  is  cemented  a 
brass  cap,  and  a  double  joint  for 
horizontal  and  vertical  motion ;  on 
the  top  of  each  joint  is  a  spring 
^**'"*  tube,     which  holds    the    sliding- 

wires  x  x,  so  that  they  may  be  set  at  various  distances  from  each 
other,  and  turned  in  any  direction.  The  extremities  of  the 
wires  are  pointed,  but  with  screws,  at  about  half  an  inch  from 
the  points,  to  receive  balls.  The  table  b  d,  inlaid  with  a  piece 
of  ivory,  is  made  to  move  up  and  down  in  a  socket,  and  a  screw 
fiistens  it  to  any  required  height.  The  rings  c  c  are  verv  con- 
venient for  fixing  a  chun  or  wire  to  them,  which  proceeos  from 
the  conductor. 

C,  Do  you  lay  anything  on  the  ivory,  between  the  balls, 
when  you  want  to  send  the  charges  of  a  battery  through  it  ? 
T,  Yes;  and  by  drawing  out  the  wires  the  balls  may  be 
separated  to  any  distance  less  than  the  lengtb  of 
g»»ii^     the  ivory,     h  represents  a  press  which  may  be 
vfe?=^igfaf    substituted  in  the  place  of  the  table  e  d.    It  con- 
sists of  two  flat  pieces  of  mahogany,  which  may  be 
Fig.  13.       brought  together  by  screws. 
J.  Then,   instead  of   tying  the  slips  of  glass  together   in 
Ex.  4.,  you  might  have  done  it  better  by  making  use  of  the 
press  ? 

T.  1  might ;  but  I  w^s  willing  to  show  you  how  the  thing 
could  be  done,  if  no  such  apparatus  as  this  were  at  hand.  The 
use  of  the  table  and  press,  which,  in  fact,  always  go  together, 
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is  for  keeping  steady  all  descriptions  of  bodies  through  which 
the  charge  of  a  single  jar,  or  any  number  of  which  a  battery 
consists,  is  to  be  conveyed.  We  will  now  proceed  with  the 
experiments. 

Ex.  6.  I  will  take  the  knobs  from  the  wires  of  the  universal 
discharger,  and  having  laid  a  piece  of  very  dry  writing-paper 
on  the  table  e,  I  place  the  pomts  of  the  wires  at  an  inch  op 
more  from  one  another ;  then,  by  connecting  one  of  the  rings  c 
with  the  outside  wire  or  hook  of  the  battery,  and  bringing  thei 
discharging-rod  from  the  other  ring  c  to  one  of  the  knobs  of  the 
battery,  you  will  see  that  the  paper  will  be  torn  to  pieces. 

Ex.  7.  The  experiment  which  I  am  now  going  to  make  you 
must  never  attempt  by  yourselves.  I  put  a  little  gunpowder 
in  the  tube  of  a  quill,  open  at  both  ends,  and  insert  the  pointed 
extremities  of  the  two  wires  in  it,  so  as  to  be  within  a  quarter 
of  an  inch  or  less  from  each  other.  I  now  send  the  charge  of 
the  battery  through  it,  and  the  gunpowder,  you  see,  is  instantly 
scattered  about ;  and  although  the  spark  has  passed  through  it, 
it  is  not  inflamed.  In  order  to  ignite  it,  it  is  necessary  to  allow 
the  charge  to  pass  along  a  bad  conductor,  so  as  to  present  a  re- 
sistance to  its  course.  And  now,  if  I  interpose  a  piece  of 
moist  string  in  the  circuit,  the  gunpowder  is  readily  ignited. 

Ex.  8.  Here  is  a  very  slender  wire,  not  an  hundredth  part  of 
an  inch  in  diameter,  which  I  connect  with  the  wires  of  the  dis- 
charger, and  send  the  charge  of  the  battery  through  it,  which 
will  completely  melt  it,  and  you  now  perceive  the  little  globules 
of  iron  instead  of  the  thin  wire. 

C  Will  other  wires,  besides  iron,  be  melted  in  the  same 
mannerf 

T.  Yes ;  if  the  battery  be  large  enough,  and  the  wires  suffi- 
ciently thin,  the  experiment  will  succeed  with  them  all :  even 
with  a  single  jar,  if  it  be  pretty  large,  very  slender  wire  may  be 
fused. 

C  That  is  a  clear  proof  that  the  superabundant  electricity 
accumulated  in  the  inside  is  uuried  to  the  outside  of  the  jars. 

Ex.  9.  I  will  lay  this  chain  on  a  sheet  of  writing-paper,  and 
send  the  charge  of  the  battery  through  the  chain ;  and  you  will 
see  black  marks  will  be  left  on  the  paper  in  those  places  where 
the  rings  of  the  chain  touch  each  other. 

Ex.  10.  Place  a  smidl  piece  of  very  dry  wood  between  the 
balls  of  the  universal  discharger,  so  that  the  fibres  of  the  wood 
may  be  in  the  direction  of  the  wires,  and  pass  the  charge  of  the 
battery  through  them ;  the  wood  will  be  torn  in  pieces.  The 
points  of  the  wires  being  run  into  the  wood,  and  the  shock  passed 
through  them,  will  effect  the  same  tiling. 
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Ex.  11.  Here  is  a  glass  tube,  open  at  both  ends,  six  indies' 
k>nff,  and  a  quarter  of  an  inch  in  diameter.  These  pieces  of  cork, 
with  wires  in  them,  exactly  fit  the  £nds  of  the  tube.  I  put  in 
one  cork,  and  fill  the  tube  with  water,  then  put  the  other  cork 
in,  and  push  the  wire  so  that  they  nearly  touch,  and  piass  the 
charge  of  the  battery  through  them ;  you  see  the  tube  10  broken, 
and  the  water  dispersed  in  every  direction.* 

C  If  water  is  a  good  conductor,  how  is  it  that  the  charge  did 
not  run  through  it  without  breaking  the  tube  ? 

T.  The  electric  action  converts  the  water  into  a  highly  elastic 
vapour,  which,  occupying  very  suddenly  a  much  lu*ger  space 
than  the  water,  bursts  the  tube  before  it  can  effect  any  means 
of  escape* 

In  some  instances,  the  electric  fluid  decomposes  the  water, 
which  is  instantly  converted  into  two  elastic  gases,  that  occupy 
a  vast  deal  more  space  than  the  water,  from  which  they  are  pro* 
duced. 


CONVERSATION  X. 
Of  the  J^lectric  Sparky  and  Miscellaneaus  SjpperimenU, 

T.  I  wish  you  to  observe  some  facts  connected  with  the  electric 
spark.  By  means  of  the  wire  inserted  in  this  ball  I  fix  it  to  the 
end  of  the  conductor,  and  bring  either  another  brass  ball,  or  my 
knuckle  to  it,  and  if  the  machine  act  pretty  powerfully,  a  long, 
crooked,  brilliant  spark  will  pass  between  the  two  balk,  or  ber 
tween  the  knuckle  and  ball. 

C  Does  the  size  of  the  spark  depend  at  all  on  the  size  of  the 
conductor? 

T,  The  longest  and  largest  sparks  are  obtdned  from  a  large 
conductor,  provided  the  machine  acts  very  powerfully.  When 
the  quantity  of  electricity  is  small,  the  spark  is  straight ;  but 
when  it  is  strong,  and  capable  of  striking  at  a  greater  distance, 
it  .assumes  what  is  called  a  zig-zag  direction. 

J,  If  the- electric  fluid  is  fire,  why  does  not  the  spark,  which 
excites  a  painful  sensation,  burn  me,  when  I  receive  it  on  my 
hand  ? 

T,  Ex.  1.  I  have  shown  you  that  the  charge  from  a  battery 
will  make  iron  wire  red-hot,  and  inflame  gunpowder.  Now 
stand  on  the  stool  with  glass  legs,  and  hold  the  chain  from  the 
conductor  with  one  hand.    Do  you,  Charles,  hold  this  spoon, 

«  To  preveiit  aeofdents,  a  wire  esge,  luch  u  if  used  in  tome  ezperiment«  on  the  air- 
pampt  monld  be  put  over  the  tube  before  the  djjcharge  Is  made  :  yovaxg  persoof  ihouM 
not  uttempt  thi«  ezptriment  by  tk\eiaNlv«s« 
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which  contains  some  spirit  of  wine,  to  your  brother,  while  I  turn 
the  machine,  and  a  spark  taken  from  his  knuckle,  if  large,  will 
set  fire  to  the  spirit. 

C  It  has  indeed.    Did  you  do  nothing  with  the  spirit  ? 

T.  I  onlj  made  the  silver  spoon  prettj  warm  before  I  put  the 
spirit  into  it. 

Ex.  2.  If  a  ball  of  boi^-wood  be  placed  on  the  conductor  in* 
stead  of  the  brass  ball,  a  spark  taken  firom  it  will  be  of  a  fine  red 
colour. 

Ex.  3.  An  ivory  ball  placed  on  the  conductor  will  be  rendered 
very  beautiful  and  luminous,  if  a  strong  spark  be  taken  through 
its  centre. 

Ex.  4.  Sparks  taken  over  a  piece  of  silver  leather  appear  of 
a  green  colour,  and  over  gilt  leather  of  a  red  colour. 

Ex,  5,  Here  is  a  class  tube, 
round  which,  at  small  distances 
from  each  other,  pieces  of  tin- 
foil are  pasted  in  a  spiral  form  *^*  ^' 
from  end  to  end :  this  tube  is  inclosed  in  f^  larger  one,  fitted 
with  brass  caps  at  eiach  end,  which  are  connected  with  the  tin- 
foil of  the  inner  tube.  I  hold  one  end  a  in  my  hand,  and  while 
one  of  you  turn  the  machine,  I  will  present  the  other  epd  b  to 
the  conductor,  to  take  sparks  from  it.  But  first  shut  the 
window-shutters. 

C  This  is  a  very  beautiful  experiment. 

T.  The  beauty  of  it  consists  in  the  distance  which  is  lefl  be^ 
tween  the  pieces  of  tinfoil ;  and,  by  increasing  the  number  ot 
these  distances,  the  brilliancy  is  very  much  heightened. 

Ex.  6.  The  following  is  an-  o 

other  experiment  of  the  same 
kind.     Here  is  a  word,  with 
which   you  are  acquainted,  >' 
made  on  glass,  by  means  of  ^^'  "• 

tinfoil  pasted  on  glass,  fixed  in  a  frame  of  baked  wood.  I  hold 
the  frame  in  my  hand  at  h,  and  present  the  ball  g  to  the  con* 
ductor,  and  at  every  considerable  spark  the  word  is  beautifully 
illuminated. 

Ex.  7.  A  piece  of  sponge  filled  with  water,  and  hung  to  a 
conductor,  wAen  electrified  in  a  dark  room,  exhibits  a  beautiful 
appearance. 

Ex.  8.  This  bottle  is  charged  :  if  I  bring  the  brass  knob  that 
stands  out  of  it  to  a  basin  of  water  which  is  insulated,  it  will 
attract  a  drop ;  and,  on  the  removal  of  the  bottle,  it  will  assume 
a  conical  shape,  and,  if  brought  near  any  conducting  substanoei 
it  will  fly  to  It  in  luminous  streams. 
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Ex.  9.  Place  a  dro{)  of  water  On  the  conductor,  and  work  the 
machine ;  the  drop  will  afford  a  long  spark,  assume  a  conical 
figure,  and  carry  some  of  the  water  with  it. 

Ex.  10.  On  wis  wire  I  have  fixed  a  piece  of  sealing-wax, 
and,  having  fixed  the  wire  into  the  end  of  the  conductor,  I  will 
liffht  the  wax,  and  the  moment  the  machine  is  worked,  the  wax 
will  fly  off  in  the  finest  filaments  imaginable. 

Ex.  1 1.  I  will  Wrap  some  cotton  wof>l  round;  one  of  the  knobs 
of  my  discharging-rod,  and  fill  the  wool  with  finely  bruised 
resin ;  I  now  discharge  a  Ley  den  iar,  or  a  battery,  in  the 
conmion  way,  and  the  wool  is  instantly  in  a  blaze.  The  covered 
knob  lAust  touch  the  knob  of  the  jar,  and  the  discharge  should 
be  effected  as  quickly  as  possible. 

You  will  remember  that  the  electric  fluid  always  chooses  the 
road  presenting  least  resistance ;  in  proof  of  which  take  the  fol- 
lowing experiment : 

^    ^  Ex.  12.  With  this  chain  I  make  a  sort  of  w,  the 

V~Ty  ypt  wire  w  touches  the  outside  of  a  charged  jar,  and 

\/  Vr      the  wire  x  is  brought  to  the  knob  of  the  jar,  and  in 
Z       the  dark  a  brilliant  w  is  visible.   But  if  the  wire  w 

Fig.  15.  |g  continued  to  m,  the  electric  fluid  takes  a  shorter 
road  to  :r,  and,  of  course,  only  half  the  w  is  seen,  viz.  that  part 
marked  m  z  y;  but  if,  instead  of  the  wire  w  m,  a  dry  stick  be 
laid  in  its  place,  the  electric  matter  will  prefer  a  longer  circuit, 
rather  than  go  through  a  bad  conductor,  and  the  whole  w  will 
be  illuminated. 

Ex.  13.  Here  is  a  two-ounce  phial,  half  full  of  salad-oil ; 
through  the  cork  is  passed  a  piece  of  slender  wire,  the  end  of 
which,  within  the  phial,  is  So  oent  as  to  touch  the  glass  just 
below  the  surface  of  the  oil.  I  place  my  thumb  opposite  the 
point  of  the  wire  in  the  bottle,  and  in  that  position  take  a  spark 
trom  iJie  charged  conductor.  You  observe  that  the  spark,  to 
get  to  my  thumb,  has  actually  perforated  the  glass.  In  the  same 
way  I  can  make  holes  all  round  the  phial. 

V.  Would  the  experiment  succeed  with  water  instead  of  oil  ? 

T.  No,  it  would  not. 

•T*.  At  any  rate  we  see  the  course  of  the  electric  fluid  in  this 
experiment ;  for  the  spark  comes  from  the  conductor  down  to 
the  wire,  and  through  the  glass  to  the  thumb. 

T.  Its  direction  is,  however,  better  shown  in  this  way : 

Ex.  14.  I  will  fix  a  pointed  wire  upon  the  prime  conductor, 
with  the  point  outward,  and  another  like  wire  upon  the  insulated 
rubber.  Shut  the  window-shutter,  and  I  will  work  the  machine : 
now  observe  the  points  of  the  two  wires. 

c^  They  both  are  illuminated,  but  differently.    The  point  on 
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the  condu<itor  sends  out  a  sort  of  brush  of  fire,  but  that  on  the 
rubber  is  illuminated  with  a^tar. 

T,  Tou  see,  then,  the  difference  between  the  positive  and 
negative  electricitj.  Their  appearances  are  sufficiently  distinct 
in  almost  every  experiment  which  can  be  made.  If  a  strong 
positive  electric  stream  be  thrown  on  the  flat  side  of  an  uninsu* 
lated  sheet  of  paper,  it  wiU  form  a  star ;  but  negative  electricitj, 
under  the  same  circumstances,  throws  out  brushes. 

C  Does  the  spark  «xist  for  any  measurable  time  ? 

T.  No :  and  this  is  readily  proved.  You  see  this  piece  of 
apparatus,  which  is  nothing  more  than  a  large  white  dj^c,  having 
a  horse  or  other  device  painted  on  it,  and  fitted  to  a  contrivance 
for  giving  it  rapid  rotation.  I  will  now  turn  it  very  quickly, 
while  the  room  is  lighted  by  candles,  and  the  horse  is  entirely 
lost ;  all  you  see  is  a  darkish  disc :  I  will  now  remove  the  can* 
dies,  and  give  it  a  momentary  light  by  a  flash  from  a  pistol : 
the  horse  is  still  invisible.  But,  what  occurs  now,  when  I  illu- 
mine it  with  electric  sparks  ? 

C  Why,  you  have  left  off  rotating  it ;  it  is  quite  still. 

T.  You  are  mistaken ;  it  revolved  as  fast  as  ever :  but  the 
electric  spark  existed  for  so  short  a  time,  that  the  disc  would 
not  move  over  any  sensible  space  in  that  time,  and  consequently 
it  appeared  perfectly  still. 


CONVERSATION  XI. 

Miscellaneous  Experiments — Of  the  Electrophorus  —  Of  the 
Electrometer^  and  the  Thunder  House, 

T.  I  shall  proceed  this  morning  with  some  other  jexperiments 
on  the  electrical  machine. 

Ex.  1.  Here  are  two  wires,  one  of  which  is  connected  with 
the  outside  of  this  charged  Leyden  jar,  the  other  is  so  bent  as 
easily  to  touch  the  knob  of  the  jar.  The  two  straight  ends  t 
bring  within  the  distance  of  the  tenth  of  an  inch  of  one  another, 
and  press  them  down  with  my  thumb,  and  in  this  position, 
having  darkened  the  room,  I  cQscharge  the  jar.  Do  you  look 
upon  my  thumb. 

C  It  was  so  transparent  that  I  think  I  even  saw  the  bone  of 
the  thumb.    But  did  it  not  hurt  you  very  much  P 

T.  With  attention,  you  might  observe  the  principal  blood- 
vessels, I  believe ;  and  the  only  inconvenience  that  I  felt  was 
a  sort  of  tremor  in  my  thumb,  which  is  by  no  means  painful. 
Had  the  wires  been  at  double  the  distance,  the  shock  would 
hftTQ  probably  made  my  thumb  the  circuit,  which  must  have 

r  t 
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caused  a  more  powerfiil  and  unpleasant  sensation ;  but,  being 
80  close,  the  electric  fluid  leapea  fW>m  one  wire,  to  the  other^ 
and  daring  this  passage  it  illuminated  mj  thumb,  but  did  not 
go  through  it. 

£x.  2.  If,  instead  of  my  thumb,  a  decanter  full  of  water, 
having  a  flat  bottom,  were  placed  on  the  wires,  and  the  dis* 
charge  made,  the  whole  of  the  water  will  be  beautifully  illu- 
minated. 

Ex.  3.  This  small  pewter  bucket  is  full  of  water,  and  I 
suspend  it  from  the  prime  conductor,  and  put  in  a  glass  syphon, 
witn  a  bore  so  narrow  that  the  water  will  hardly  drop  out. 
See  what  will  happen  when  I  work  the  machine;  but  first 
make  the  room  dark. 

J.  It  runs  now  in  a  full  stream,  or  rather  in  several  streams, 
all  of  which  are  illuminated. 

T.  Ex.  4.  If  the  knob  a  communicate  with  the  out- 
side of  a  charged  Leyden  jar,  and  the  knob  h  widi 
the  inside  coating,  and  each  be  held  about  two  inches 
from  the  lighted  candle  x^  and  opposite  to  one  another, 
"  Fig.  16.  the  flame  will  spread  towards  each,  and  a  discharge 
will  be  made  through  it :  this  shows  the  conducting  power  of 
flame. 

This    instrument,  which  consists  of   two   circular 

't       plates,  of  which  the  largest  b  is  about  flfleen  inches  in 

^^^   diameter,  and  the  other  A.  fourteen  inches,  is  called  an 

«  electrophorus.    The  under  plates  is  made  of  glass,  or 

^***  ^^'   sealing-wax,  or  of  any  other  non-conducting  substance : 

I  have  made  one  with  a  mixture  of  pitch  and  chalk  boiled 

together,  which  answers  very  well ;  or  of  rosin,  poured  into  a 

tin  dish.    The  upper  plate  a  is  sometimes  made  of  brass  and 

sometimes  of  tin  plate,  but  this  is  of  wood  covered  very  neatly 

with  tinfoil :  x  is  a  glass  handle  fixed  to  a  socket,  by  which  the 

upper  plate  is  removed  from  the  under  one. 

C  What  do  yOu  mean  by  an  electrophorus  ? 

T.  It  is,  in  i'act,  a  sort  of  simple  electrical  machine,  and  is 
thus  used.  Rub  the  lower  plate  b  with  a  fine  piece  of  new 
flannel,  or  with  rabbit's,  or  hare's,  or  cat's  skin ;  and  when  it  ia 
well  excited,  place  upon  it  the  upper  plate  a,  and  put  your 
finger  on  the  upper  plate :  then  remove  this  plate  by  the  glass 
handle  x,  and,  if  you  apply  it  to  the  knob  of  a  coated  jar,  you 
will  obtain  a  spark.  This  operation  may  be  repeated  many 
times,  without  exciting  again  the  under  plate. 

J,  Can  you  charge  a  Leyden  jar  in  this  way  ? 

T.  Yes,  it  has  been  done,  and  by  a  single  excitation,  so  as  to 
pierce  a  hole  through  a  card  by  means  of  the  jar  thus  charged. 
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Here  is  another  kind  of  electrometer,  which  may  be 
made  exceedingly  accurate;  that  is,  it  is  capable  of 
discovering  the  smallest  quantities  of  electricity,  a  is 
a  glass  jar,  9  the  cover  of  metal,  to  which  are  attached 
two  pieces  of  gold-leaf  x,  or  two  pith  balls  suspended 
on  threads :  on  the  sides  of  the  glass  jar  are  two  narrow 
strips  of  tinfoil,  z  z, 

C.  How  is  this  instrument  used  ?  Pi»  is. 

T.  Anything  that  is  electrified  is  to  be  brought  to 
the  cover,  which  will  cause  the  piece  of  gold-leaf,  or  pith  balls, 
to  diverge ;  and  the  sensibility  of  this  instrument  is  so  great, 
that  the  brush  of  a  feather,  the  throwing  of  chalk,  hair-powder, 
or  dust,  against  the  cap  b  evinces  strong  signs  of  electricity. 

Ex.  5.  Place  on  the  cap  b  a  little  cup  of  pewter,  or  any  other 
metal,  having  some  water  in  it :  then  take  from  the  fire  a  live 
cinder,  and  put  it  in  the  cup,  and  the  electricity  thus  liberated 
is  very  admirably  exhibited. 

A  thunder-cloud  passing  over  this  instrument  will  cause  the 
slips  of  gold-leaf  to  diverge  and  strike  the  sides  at  every  flash  of 
lightning. 

Ex.  6.  I  will  excite  this  stick  of  sealing-wax,  and  bring  it  to. 
the  cover  b  :  you  see  how  often  it  causes  the  gold-leaf  to  strike 
against  the  sides  of  the  glass. 

J.  Are  the  slips  of  tinfoil  intended  to  carry  away  the  electric, 
fluid  communicated  by  the  objects  presented  to  the  cap  b  P 

T.  They  are ;  and  by  them  the  equilibrium  is  restored.^ 


CONVERSATION  XII. 
On  Induction, 

T,  I  must  now  say  a  few  words  to  you  upon  a  property  of 
electricity  termed  induction,  upon  which  all  the  other  properties 
depend. 

C,  I  thought  all  its  efiects  originated  in  its  attraction  for 
matter. 

71  No ;  this  is  not  going  to  the  foundation  :  for  its  attraction 
for  matter  depends  on  induction.  Turn  this  machine,  while  I 
hold  this  light  pith  ball  near  to  it :  you  see  it  is  very  violently 
attracted.  But  we  will  now  take  some  heavier  substance,  which 
will  be  more  quiet,  and  permit  us  to  examine  its  condition. 
Here  is  a  larse  brass  ball,  which  we  will  suspend  by  a  silk  thread 
from  the  ceuing,  near  the  conductor.  I  will  now  turn  the 
n^chine,  and  you  may  apply  your  knuckle  to  the  further  side 
of  the  brass  balL 
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C.  Whj,  I  have  obtiuned  a  spark,  and  jet  no  electricitj  passed 
from  the  machine  to  the  ball. 

T.  True :  now  take  the  silk  thread,  and  carry  the  ball  care-* 
fully  away  from  the  machine,  and  touch  it  again. 

(u,  I  obtain  another  spark. 

T,  If  jou  will  now  f^aia  suspjend  the  ball  near  the  machine, 
and  then  remoye  it  without  haying  preyiously  touched  it,  jou 
will  not  obtain  a  spark. 

C  No,  I  do  not ;  so  that  there  appears  to  be  some  relation 
between  the  two  sparks  r  bat  what  most  puzzles  me,  is  how  the 
ball  is  able  to  giye  these  sparks,  seeing  that  in  neither  case  is  any 
electricity  imparted  to  it. 

T,  The  effect  you  here  obsenre  is  a  capital  illustration  of  in- 
duction. When  any  body,  no  matter  how  large,  or  how  small, 
is  charged,  whether  much  or  little,  with  electricity,  it  disturbs 
the  natur^  electricity  of  all  the  bodies  about  it;  and  when  these 
bodies  are  conductors,  and  the  electricity  therefore  is  free  to 
moye,  it  recedes  to  the  side  of  the  body  most  distant  from  the 
cause  of  disturbance.  So  that,  in  point  <^  fact,  o>ur  brass  ball 
becomes  positively  electrified  on  its  more  distant  side ;  and,  con<^ 
sequently,  negatively  (Hi  its  nearer  side.  So  that,  when  you 
touched  it,  the  positive  electricity  escaped ;  and  when  you  after- 
wards moved  it  away  from  the  exciting  cause,  it  was  negativeljE 
charged,  for  you  had  taken  some  of  its  electricity  away,  and  on 
then  touching  it,  you  restored  it  to  its  natural  state  by  giying  it 
back  the  electricity  which  it  recpiired. 

C  This'seems  very  extraordinary. 

T,  A  still  more  conclusive  illustration  is  obtained  by  placing 
three  insulated  balls  a  bc  in  contact  with  each  other,  and  facing 
the  end  of  the  prime  conductor,  a  being  the  nearest. 

While  the  prime  conductor  is  charged  by  the  rotation  of  the 
machine,  a  will  be  negative^  w  neutral,  and  e  positive.  If  the 
machine  is  stopped  and  the  conductor  discharged,  the  balls  will 
return  to  their  natural  state,  the  positive  charge  at  c  returning 
by  B  to  A.  But,  if  while  the  conductor  i»  charged,  the  ball  b  is 
removed,  and  the  conductor  then  discharged,  the  ball  c  will  be 
found  to  have  retained  the  positiye  charge,  and  a  to  have  re- 
tained the  negative ;  the  means  of  neutralization  having  been 
cut  off  by  the  removal  of  the-  intermediate  ball. 

J,  You  said  that  all  electrical  phenomena  were  due  to  induc- 
tion ;  I  cannot  see  how  this  appliea  to  the  Leydes  jar ;  for  there 
you  actually  give  electricity. 

T.  True  ^  but  I  can  soon  show  you  that  I  cannot  give  it  elec- 
tricity, unless  I  allow  induction  to  play  its  proper  part.  Plaoe 
the  jar  on  the  insulating  stool,  and  then  charge  it. 
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J,  I  have  turned  for  some  time,  but  I  scarcely  obtain  anj 
charge.   . 

T,  No :  but  now  repeat  the  experiment,  and  at  the  same  time 
hold  the  knob  of  anotner  jar  to  the  outer  coating  of  the  former, 

C  Look,  James,  look ;  the  sparks  now  enter  the  first  jar,  and 
actually  pass  throup:h  the  glass,  and  fly  off  and  enter  the  second. 

T.  Not  so  ;  for  if  you  examine  the  first  jar,  you  will  find  it 
very  highly  charged.  The  fact  is,  when  you  send  a  charge  to 
the  inner  side  of  the  jar,  it  disturbs  the  equilibrium  of  the  outer 
8ide,^and  unless  an  escape  is  provided  vx  the  electricity  thus 
elicited,  further  charge  cannot  be  added'  to  the  interior ;  so  that, 
in  point  of  factj  you  must  allow  about  as  ntuch  electricity  to 
escape  from  the  outer  side  as  you  add  to  the  inner.  Again : 
although  the  jar  is  very  highly  charged,  you  may  take  hold  of 
the  knob  with  impunity,  so  long  as  it  stands  on  the  insulating 
stool,  for  the  charge  cannot  leave  the  inner  coating  until  the 
outer  coating  is  enabled  to  regain  what  it  had  lost. 

C  But  I  cannot  comprehend  how  this  induction  can  ocoifr  to 
a  thing  so  far  removed  from  the  inducing  cause  as  was  the  brass 
ball  in  our  lat-e  experiment 

T.  Dr.  Faraday,  by  dint  of  very  patient  investigation,  has 
proved  that  the  power  is  transmitted  from  particle  to  particle 
along  the  air  that  intervenes.  Each  particle  of  air  or  glass,  as 
the  case  may  be,  becomes  polariced,  just  as  did  the  brass  ball ; 
but  the  brass  ball  being  a  conductor,  that  is,  having  the  power 
to  allow  of  a  free  movement  of  the  electricity,  the  K>rce  is  then 
manifested. 

C  I  should  like  to  have  some  other  illustration  of  this  curious 
property. 

T,  Hold  this  small  Leyden  jar  in  jour  hand,  and  apply  the 
knob  to  the  prime  conductor,  until  it  is  charged.  Now  take 
the  other  small  jar  by  the  knob  and  apply  the  coating  to  the 
prime  conductor.  By  Uiis  means  you  ootam  two  jars,  one  posi^ 
tively  charged,  the  other  nesatively.  Now  take  one  in  each 
hana,  and  touch  the  two  knobs  together. 

C  I  know  what  will 'happen :  the  charges  will  neutralize 
each  other ;  for,  as  one  has  more  than  its  share,  and  the  other 
less,  the  charge  of  the  former  will  flow  into  the  latter.  Oh  I 
oh  I  what  a  shock  it  gave  me ;  how  was  this  P  I  did  not  touch 
anythima^  besides  the  outer  coatings. 

T,  No :  but  you  had  forgotten  that,  as  you  oharsed  them, 
induction  had  been  necessary  and  had  operated,  so  that,  while 
the  inner  coatings  were  respectively  positive  and  negative,  the 
outer  were  negative  and  positive,  and  the  two  former  could  not 
be  neutralized,  onlets  the  two  latter  were  also ;  and  this  was 
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brongbt  about  by  the  intenrention  of  joar  bod  j,  ax>d  joti  felt 
the  effect.  But  if  you  had  placed  these  two  jars  on  insulatiiig 
stands,  and  had  joined  their  knobe  bj  a  wire,  jou  could  not 
discharge  them  so  long  aa  their  outer  coatings  remained  unooii- 
neeted. 

C  Does  indnetion  occur  equally  well  through  air  and  through 
glass? 

T.  The  specific  indnctiye  capacity  of  bodies  is  Tarious.  If 
that  of  air  be  represented  by  1,  the  following  list  will  show  ike 
rdatire  inductiye  eapacities  of  certain  bodies :  —  . 


Air 

.  1-oa 

Glasa 

.  1-90 

Resin  - 

-  1-77 

Brimstone  - 

.  1-93 

Pitch  - 

-  1-80 

Gum-lac     • 

-  VQS 

Bees*-wax 

-  1-86 

CONVERSATION  XIIL 
Of  Atmospherical  Electricity. 

C  You  said  thaA  the  electrometer  was  afi^ted  by  thunder 
and  l^tning :  are  lightning  and  electricity  the  same  ? 

T,  They  are ;  the  demonstration  of  this  is  due  to  Dr.  Franklin. 

J,  How  did  he  ascertain  this  fact  ? 

T.  He  was  led  to  the  theory  from  observing  the  power  which 
uninsulated /M>tnto  have  in  drawing  off  the  electricity  from  bodies ; 
and  having  formed  his  system,  he  was  waiting  for  the  erection 
of  a  spire,  in  Philadelphia,  to  carry  his  views  into  execution, 
when  it  occurred  to  him  that  a  boy*s  kite  would  answer  his 
purpose  better  than  a  spire.  He  therefore  prepared  a  kite,  and 
navmg  raised  it,  he  tied  to  the  end  of  the  string  a  silken  cord, 
by  which  the  kite  was  completely  insulated.  At  the  junction 
of  the  two  strings  he  fastened  a  key  as  a  good  conductor,  in 
order  to  take  sparks  fi^m  it. 

C.  Did  he  obtain  any  sparks  ? 

T,  One  cloud,  which  appeared  like  a  thunder-cloud,  passed 
without  any  effect ;  shortly  after,  the  loose  threads  of  the  hempen 
string  stood  erect,  in  the  same  manner  as  they  would  if  the 
string  had  been  hung  on  an  electrified  insulated  conductor.  He 
then  presented  his  knuckle  to  the  key,  and  obtained  an  evident 
spark.  Others  succeeded  before  the  string  was  wet,  but  when 
the  run  had  wetted  the  string  he  collected  the  electricity  y^ty 
plentifully. 

J,  Could  I  do  so  with  our  large  kite  ? 
•    T.  1  hope  you  will  not  try  to  raise  your  kite  during  a  thundei> 
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storm ;  because,  without  verj  great  care,  it  inaj  be  attended 
with  the  most  serious  danger.  Professor  Richmann,  of  St. 
Petersburg,  was  struck  dead,  in  attempting  to  draw  lightning 
from  the  clouds.  Tour  kite  is  quite  large  enough  for  a  cautious 
experiment,  being  four  feet  hi^h,  and  two  feet  wide.  Eyery- 
thing  depends  on  the  string,  which,  according  to  Cavallo,  who 
has  made  many  experiments  on  the  subject,  should  be  made  of 
two  thin  threads  of  twine,  twisted  with  a  copper  thread.  And 
to  Mr.  Cavallo^s  work  on  electricity,  vol.  ii.,  such  persons  as  are 
desirous  of  raisins  kites,  for  electrical  purposes,  should  be  re- 
ferred, in  which  they  will  find  ample  instruction. 

C  How  do  the  conductors  which  I  have  seen  fixed  to  various 
buildings  act  in  dispersing  lightning?' 

T.  X  ou  know  how  easy  it  is  to  charge  a  Leyden  jar :  but  it, 
when  the  machine  is  at  work,  a  person  hold  a  point  of  steel,  or 
other  metal  near  the  conductor,  the  greater  part  of  the  fluid  will 
run  away  by  that  point  instead  of  proceeding  to  the  jar.  Hence 
it  was  concluded,  that  pointed  rods  would  silently  draw  away 
the  lightning  from  clouds  passing  over  any  buildiug. 

J,  Is  there  not  a  particular  method  of  fixing  them  ? 

T,  Yes :  the  metallic  rod  must  reach  from  the  ground,  or 
the  nearest  piece  of  water,  to  a  foot  or  two  above  the  building 
it  is  intended  to  protect ;  its  upper  termination  is  generally  made 
of  platinum,  a  metal  that  is  not  liable  to  rust.  Large  masses 
of  metal,  such  as  church  bells,  lead  roofs,  &c.,  are  connected 
with  the  conductor  by  slips  of  metal,  to  prevent  the  flashes  from 
flying  ofi*  to  these  bodies  and  doing  mischief.  The  point  is  par- 
tially useful  in  occasionally  abstracting  some  of  the  charge  from 
the  cloud ;  but  the  main  use  of  the  conductor  is  to  receive  the 
flash  itself,  in  case  it  occurs,  and  convey  it  away  safely  to  the 
ground. 

C,  What  effects  would  be  produced  if  lightning  should  strike 
a  building  without  a  conductor  ? 

T.  That  may  be  best  explained  b^  informing  you  of  what 
happened,  many  years  ago,  to  St.  Bride*s  church.  The  light- 
ning first  struck  the  weathercock ;  from  thence,  descending  in 
its  progress,  it  beat  out  a  number  of  large  stones  of  different 
heights,  some  of  which  fell  upon  the  roof  of  the  church,  and 
did  great  damage  to  it.  The  mischief  done  to  the  steeple  was 
80  considerable,  that  eighty-five  feet  were  obliged  to  be  taken 
down. 

J,  The  weathercock  was  probably  made  of  iron ;  why  did 
not  that  act  as  a  conductor  f 

T,  Though  that  was  made  of  iron,  yet  it  was  completely  in« 
Bulated  by  being  fixed  in  stone,  which  had  become  dry  by  much 
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Iiot  and  dry  weat&er.  When,  therefore,  the  U^tiiing  had 
taken  possession  of  the  weathercock,  by  endeavouring  to  force 
its  way  to  another  conductor,  it  beat  down  whatever  stood  in 
ito  way. 

C.  The  power  of  lightning  must  be  very  firreat. 
T.  It  is  irresistible  in  its  effects ;  the  foUowing  experiment 
will  illustrate  what  I  have  been  saying : 

Ex.  1.  ▲  is  a  board  representing  the  gable  end  of  a  house. 
It  is  fixed  on  another  board  b  ;  a  6  c<l  is  a  square 
hole,  to  which  a  piece  of  wood  is  fitted ;  a  d  repre- 
sents a  wire  fixed  diagonally  on  the  wood  abed ; 
X  5,  terminated  by  the  knob  x^  represents  a  wea- 
thercock, and  the  wire  c  z  is  fixed  to  the  board  a. 
It  is  evident  that,  in  the  state  in  which  it  is 
drawn  in  the  figure,  there  is  an  interruption  in 
^  the  conductin^-rod ;  accordingly,  if  the  chain  m 
Fig.  19.       is  connected  with  the  outside  of  a  Leyden  phial, 
and  then  that  phial  is  discharged  through  x,  by 
bringing  one  ]part  of  the  discharglng-rod  to  the  knob  of  the 
Leyden  phial,  and  the  other  to  within  an  inch  or  two  of  a?,  the 
piece  of  wood  abed  will  be  thrown  out  with  violence. 

J,  Are  we  to  understand  by  this  experiment,  that  if  the  wire 
X  b  had  been  continued  to  the  chain,  the  electric  fluid  would 
have  run  through  it  without  disturbing  the  loose  board  ? 

T.  Ex.  2.  Just  80 ;  for  if  the  piece  of  wood  be  taken  out, 
and  the  part  a  be  put  to  the  place,  b  d  will  come  to  c,  and  the 
conducting-rod  will  be  complete,  and  continued  from  x  through 
be  to  z,  and  now  the  phial  mav  be  discharged  as  often  as  you 
please,  but  the  wood  will  remain  in  its  place,  because  the  electrie 
fluid  runs  through  the  wire  to  z,  and  makes  its  way  by  the 
chain  to  the  outside  of  the  phial. 

C  Then,  if  x  be  supposed  the  weathercock  of  the  church, 
the  lightning  having  overcharged  this,  by  its  endeavours  to 
reach  another  conductor,  as  c  z,  forced  away  the  stone  or  stones 
represented  by  abed. 

T,  That  is  what  I  meant  to  convey  to  your  minds  by  the 
first  experiment ;  and  the  second  shows  very  clearly,  that  if  an 
iron  rod  had  gone  from  the  weathercock  to  the  ground  without 
interruption,  it  would  have  conducted  away  the  electricity 
silently,  and  without  doing  any  injury  to  the  church. 
J.  How  was  it  that  all  the  stones  were  not  beaten  down  ? 
T.  Because,  in  its  passage  downwards,  it  met  with  many 
other  conductors.     I  will  read  part  of  what  Dr.  Watson  says  on 
this  fact,  who  examined  it  very  attentively : 
^'  The  Jightning,"  says  he,  ^  first  took  a  weathercock,  which 
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was  fixed  at  the  top  of  tbe  steeple,  and  was  conducted  without 
injuring  the  metal  or  anything  else  as  low  as  where  the  large 
iron  bar,  or  spindle,  which  supported  it,  terminated.  There  the 
metallic  communication  ceasing,  part  of  the  lightning  ex^ 
ploded,  cracked,  and  shattered  the  obelisk  which  terminated  the 
spire  of  the  steeple,  in  its  whole  diameter,  and  threw  gE,  at 
that  place,  several  large  pieces  of  Portland  stone.  Here  it 
likewise  removed  a  stone  from  its  place,  but  not  far  enough  to 
be  thrown  down.  From  thence  the  lightning  seemed  to  have 
rushed  upon  two  horizontal  iron  bars,  which  were  placed  withiti 
the  buildmg  across  each  other.  At  the  end  of  one  of  these  iron 
bars  it  exploded  again,  and  threw  off  a  considerable  quantity 
of  stone.  Almost  all  the  dami^e  was  done  where  the  ends  6£ 
the  iron  bars  had  been  inserted  into  the  stone,  or  placed  under 
it ;  and,  in  some  places,  its  passage  might  be  traced  from  one 
iron  bar  to  another." 

Electricity  manifests  itself  more  frequently  without  storms 
than  with  tnem ;  it  is  produced  oftener  by  dry  than  by  rainy 
clouds :  it  is  more  frequently  positive  than -negative.  The  at- 
mosphere exhibits  signs  of  electricity  at  all  times,  by  night  and 
by  day,  of  which  I  shall  present  you  some  instances  in  our  next 
Conversation. 
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On  Atmospheric  Electricity  —  Of  the  Awora  Borealis  —  Of 

Wdter'Spauts  and  Whirlwinds, 

C  Does  the  air  always  contain  electricity  ? 

T.  Yes ;  and  this  electricity  is  in  a  constant  state  of  fluctua- 
tion ;  sometimes  it  is  of  one  character,  sometimes  of  the  other ; 
now,  it  is  very  feeble,  and  now  is  very  violent. 

J.  Is  the  electrical  state  of  the  atmosphere  the  same  at  all 
heights  ? 

T.  No :  if  you  take  a  gold  electroscope  terminated  with  a 
ball  instead  of  a  point,  and  having  first  touched  it,  so  that  it  shall 
be  free  of  electricity,  and  now  present  it  to  the  open  sky,  all  will 
be  still.  But  if  you  now  stand  with  it  on  a  chair,  or  carry  it  a 
few  steps  up  a  ladder,  you  will  observe  the  sold  leaves  diverge ; 
if  you  now  come  down  with  it  again  the  gold  leaves  fall  back ; 
but,  if  you  descend  below  your  original  level,  they  again  open. 
The  neutral  point  is  in  all  cases  the  place  where  you  began  the 
experiment. 

C  I  suppose  this  is  a  case  of  induction,  not  a  case  of  char^  ? 

T.  Exactly  so ;  and  you  will  find  that  the  divergence,  or  going 


442  ELECTRICITY. 

upward,  was  with  pontive  electricity ;  and  that  on  going  down- 
ward  was  with  negative. 

J.  Charles,  run  and  fetch  my  large  stick  of  sealing- wax ;  we 
•will  soon  find  this  out.  Thank  you ;  now,  get  the  steps  and 
place  them  on  the  lawn,  and  then  go  up  half  way  with  the  elec- 
trometer, and  see  that  the  leaves  are  still.  That*s  rieht :  now 
go  up  to  the  top ;  good,  the  leaves  diverge ;  keep  still,  until  I 
ave  rubbed  the  wax  on  my  coat-sleeve,  which,  of  course,  charges 
it  negatively.  Take  it  from  me,  and  hold  it  near  the  ball ;  what 
happens? 

C.  The  leaves  close  again ;  and,  therefore,  the^  must  hare 
been  separated  by  positive  electricity ;  on  removing  the  wax, 
they  open  again.  I  will  now  come  down  to  my  former  position, 
when  they  collapse,  and  on  coming  down  quite  to  the  ground, 
•they  open  again. 

J.  And  now,  when  I  bring  the  wax  near,  they  open  more 
widely,  showing  that  they  were  under  the  influence  of  n^|;ative 
electricity. 

T,  You  may  vary  this  experiment ;  which,  while  I  think  of 
it,  I  ought  to  tell  you  is  due  to  a  French  lover  of  science,  M. 
Peltier.  Gro  half  way  up  the  steps,  as  before,  and  see  that  the 
leaves  are  closed :  now,  mount  to  the  top.  Of  course,  they 
open :  touch  them,  and  they  will  close ;  and  if  you  now  come 
down  to  your  original  position,  they  will  open,  just  as  they  did 
in  the  former  experiment,  when  you  descended  below  your  ori- 
ginal position.  All  these  effects  are  due  to  the  positive  electri- 
city of  space. 

C,  What  do  you  mean  by  the  positive  electricity  of  space  ? 

T.  M.  Peltier  taught  that  ths  earth  is  in  the  condition  of  a 
large  body  surcharg^  with  negative  electricity,  and  that  space 
was  less  negative  than  the  earth,  and  therefore  |>ositive  by  com- 
parison. All  the  vapours  that  arise  from  the  earth  partake  of 
the  same  negative  nature  as  the  earth  whence  they  proceed ; 
and  by  the  various  actions  and  reactions  of  these,  he  traced  a 
host  of  changes  in  electrical  tension,  &c.,  but  these  are  too  com- 
plex for  us  to  enter  into  now. 

C.  But  the  experimentyou  just  gave  us,  did  not  enable  us 
to  collect  any  electricity ;  for  the  divergence  we  obtained  was 
only  a  case  of  induction,  which  ceased  as  soon  as  the  inducing; 
cause  was  removed.  Are  there  no  means  of  collecting  small 
quantities  of  electricity  from  the  atmosphere  ? 
^  T.  Oh,  yes,  several.  If  the  electrometer,  in  the  above  expe- 
riment, had  been  furnished  with  a  point,  instead  of  a  ball,  the 
leaves  would  have  diverged,  as  be&re,  on  ascending  witli  it ; 
i^ut  they  would  not  collapse  on  descending,  for  the  point  would 
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haVe  permitted  a  charge  to  pass  in,  and  the  instrumeDt  when 
brougnt  to  its  original  level  would  have  been  charged. 

J,  Is  this  the  mode  employed  at  electrical  observatories  ? 

T.  No :  at  Kew  there  is  a  very  famous  apparatus,  under  the 
direction  of  Mr.  Ronalds.  A  brass  rod  rises  from  a  glass  leg 
placed  on  a  table,  and  kept  carefully  dry  by  means  of  a  lamp 
constantly  burning.  A  lighted  lamp  is  hoisted  to  the  top  oi  the 
rod,  the  flame  oS  which  is  an  excellent  collector  of  electricity ; 
and  the  rod  conducts  what  is  collected  to  proper  instruments 
placed  on  the  table  beneath.  The  late  Mr.  Weekes,  of  Sand- 
wich, and  Mr.  Crosse,  of  Broomfield,  had  long  lengths  of  wire 
.suspended  in  the  air,  by  means  of  which  very  large  quantities  of 
electricity  were  collected.  In  all  these  cases,  lightning  con* 
ductors  were  attached,  which  came  into  operation  in.  case  of 
accident. 

t/.  Since  lofty  objects  are  exposed  to  the  effects  of  lightning, 
or  the  electric  fluid,  do  not  the  tall  masts  of  ships  run  consider- 
able risk  of  being  struck  by  it  ? 

T,  Certainly :  we  have  many  instances  recorded  of  the  mis- 
chief done  to  ships ;  one  which  is  related  in  the  "  Philosophical 
Transactions :  **  it  happened  on  board  the  Montague,  on  the  4th 
of  November,  174a,  in  latitude  42°  48%  and  9°  3'  west  lonm- 
tude,  about  noon.  One  of  tiie  quarter-masters  desired  ui6 
master  of  the  vessd  to  look  to  the  windward,  when  he  observed 
a  large  ball  of  blue  fire  rolling  apparently  on  the  surface  of  the 
water,  at  the  distance  of  three  miles  from  them.  It  rose  almost 
perpendicular,  when  it  was  within  forty  or  fifty  yards  firom  the 
mam-chains  of  the  ship ;  it  then  went  ofi*  with  an  explosion,  as 
if  a  hundred  cannons  had  been  fired  at  one  time,  and  left  so 
strong  a  smell  of  sulphur,  that  the  ship  seemed  to  contain  nothing 
else.  Ailer  the  noise  had  subsided,  the  main  topmast  was  found 
shattered  topieces,  and  the  mast  itself  was  rent  quite  down  to 
the  keel.  Five  men  w^re  knocked  down,  and  one  of  them 
greatly  burnt  by  the  explosion. 

C.  JDid  it  not  seem  to  be  a  very  large  ball  to  have  produced 
such  eflects  ? 

T.  Yes  ;  the  person  who  noticed  it  said  it  was  as  big  as  a 
millstone. 

C  Are  no  means  adopted  for  protecting  ships  ? 

T,  Yes:  the  plan  adopted  by  Her  MajestVs  government, 
which  is  decidedly  the  best  plan,  was  proposed  by  Sir.  W.^Snow 
Harris.  Wide  and  thick  shps  of  sheet  copper  are  let  into  the 
Wood  of  the  masts^  and  other  similar  parts  of  the  ship,  and  are 
kept  in  sound  metallic  connexion  as  far  as  the  copper  elieathing 
•of  XhQ  vessel;  they  are  connected  with  this  by  bolts,  passing 
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through  the  bottom  of  the  ship.  The  best  proof  of  the  secitrity 
of  this  plan  is,  that  ao  ship  thus  fitted  up  has  been  damaged  hj 
lightninff. 

C  What  is  the  amrfra  horeaUs  f 

T,  The  aurora  horealii  is  another  electrical  phenomenon :  this 
is  admitted  without  anj  hesitation,  because  electricians  can 
readily  imitate  the  appearance  with  their  experiments. 

J.  It  must  be,  I  shoidd  think,  on  a  Yery  small  scale. 

T,  True ;  there  is  a  glass  tube  about  tktrtj  inches  long,  and 
the  diameter  of  it  is  about  two  inches :  it  is  nearly  exhausted  of 
air,  and  capped  on  both  ends  with  brass.  I  now  connect  these 
ends,  by  means  of  a  chain,  with  the  positive  and  negative  part 
of  a  machine ;  and  in  a  darkened  room  you  will  see,  when  the 
machine  is  worked,  all  the  appearances  of  the  northern  lights  in 
the  tube. 

C  Why  is  it  necessary  neariy  to  exhaust  the  tube  ? 

T.  Because  the  air,  in  its  natural  state,  is  a  very  bad  con- 
ductor of  the  electric  fluid ;  but  when  it  is,  perhaps,  rendered 
some  hundred  times  rarer  than  it  usually  is,  the  electric  fluid 
darts  from  one  cap  to  the  odier  with  the  greatest  ease. 

•/*.  But  we  see  the  aurora  borealis  in  the  common  air. 
-  T,  We  do  so ;  it  is,  however,  in  the  higher  regions  of  the  at* 
mosphere,  probably  70  or  80  miles  high,  where  the  air  is  much 
rarer  than  it  is  near  the  surface  of  the  earth.  The  experiment 
which  you  have  just  seen  accounts  for  the  dartjng  and  undula- 
ting motion  which  takes  place  between  the  opposite  parts  of  the 
heavens.  The  aurora  borealis  is  the  most  beautiful  and  brilliant 
in  countries  in  the  high  northern  latitudes,  as  in  Greenland  and 
Iceland. 

The  aurora  borealis  that  was  seen  in  this  country  on  the  23rd 
of  October,  in  the  year  1804,  is  deserving  of  notice.  At  seven 
in  the  evening,  aluminous  arch  was  seen  from  the  centre  of 
London  extending  from  one  point  of  the  horizon,  about  S.  S.  W. 
to  another  point  N.  N.jW.,  and  passing  the  middle  of  the  constel- 
lation of  the  Great  Bear,  which  it,  in  a  great  measure,  obscured. 
It  appeared J^to  consist  of  shining  vapour,  and  to  roll  from  the 
south  to  the  north.  In  about  half  an  hour  its  course  was  changed ; 
it  then  became  vertical,  and  about  nine  o'clock  it  extended 
across  the  heavens  from  N.  E.  to  S«  W. ;  at  intervals  the  continuity 
.of  the  luminous  arch  was  broken,  and  there  then  darted  from 
its  south-west  quarters,  towards  the  zenith,  strong  flashes  and 
'Streaks  of  bright  red,  similar  to  what  appears  in  the  atmosphere 
during  a  great  Are  in  any  part  of  the  nietrop<dis.  For  several 
hours  the  atmosphere  was  as  light  in  the  south-west  as  if  the  sun 
iiad  set  bat  halt  w  hour ;  and  the  light  in  the  north  resembled 
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tbe  strong  twilight  whidi  marks  that  part  of  the  horizon  at 
Midsummer. 

C,  I  hare  heard  that  the  needles  of  the  electric  telegraph  are 
affected  during  the  times  of  aurora  borealis. 

T,  Yes ;  and  so  are  also  the  standard  magnetic  bars  in  obser- 
vatories :  which  two  snmuhaiieoiiis  eflfects  point  out  remarkable 
relations  between  the  changes  m  the  natural  magnetic  force  of 
the  earthy  and  natural  electric  currents.  From  the  effect  on  the 
magnetic  needle,  these  phenomena  are  often  call^  ^*  Magpetic 
Storms.**  And,  when  tel^n^xh  needles  are  thus  disturbed,  it 
may  safelj  be  predicted  that  unusual  Tariations  are  being  ma- 
nifested by  the  magnetic  needle;  and  when  night  comes  on, 
aurora  will  surely  be  seen.  In  some  years  these  storms  are  very 
frequent ;  about  three  years  agoythey  were  so  troublesome  that 
Mr.  G.  y.  Walker  was  compelled  to  apply  a  contrivance  to  the 
telegraph  in  order  to  neutralise  their  ill-effects. 

J,  I  think  I  have  heard  that  waier'spouiSj  which  are  some- 
times seen  at  sea,  arise  from  the  power  o£  electricity^  and  not 
from  the  force  of  the  wind. 

T.  The  wind  will  not  account  for  every  appearance  connected 
with  them.  Water-spouts  are  oflen  seen  in  calm  weather,  when 
the  sea  seems  to  boil,  and  send  up  a  smoke  under  them,  rising 
in  a  sort  of  hill  towards  the  spout.  A  rumbling  noise  is  oflen 
heard  at  the  time  of  their  appearance,  which  happens  generally 
in  those  months  that  are  peculiarly  subject  to  thunder-storms, 
and  they  are  commonly  accompanied  or  followed  by  lightning. 

Water-spouts  at  sea  are  imdoubtedly  very  like  whirlwinds 
and  hurricanes  by  land.  These  soiqetimes  tear  up  trees,  throw 
down  buildings,  make  caverns ;  and,  in  all  the  cases,  they  scatter 
the  earth,  bricks,  stones,  timber,  &c.,  to  a  great  distance  in  every 
direction.  Dr.  Franklin  mentions  a  remarkable  appearance 
which  occurred  to  Mr.  Wilkie,  an  electrician.  On  the  20th  of 
July,  1758,  at  three  o*clock  in  the  aflernoon,  he  observed  a  great 
quantity  of  dust  rising  from  the  ground,  and  covering  a  field 
and  part  of  the  town  in  which  he  then  was.  There  was  no  wind, 
and  the  dust  moved  gently  towards  the  east,  where  there  ap- 
peared a  great  black  cloud,  which  electrified  his  apparatus  posi- 
tively to  a  very  high  d^ree.  This  cloud  went  towards  the 
west,  the  dust  followed  it,  and  continued  to  rise  higher  and 
higher,  till  it  composed  a  thick  pillar,  in  the  form  of  a  sugar- 
loaf,  and  at  length  it  seemed  to  be  in  contact  with  the  cloud. 
At  some  distance  from  this,  there  came  another  great  cloud,  with 
a  long  stream  of  smaller  ones,  which  electrified  his  apparatus 
negatively,  and  when  they  came  near  the  positive  cloud  a  flash 
of  lightnmg  was  seen  to  dart  through  the  cloud  of  dust ;  upon 
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which  the  negative  clouds  spread  very  much,  and  disserved  ill 
rain,  which  presently  cleared  the  atmosphere. 

C  Is  nun,  then,  an  electricid  phenomenon? 

T.  The  most  enlightened  and  best-informed  electriciana 
reckon  rain,  hail,  and  snow  among  the  effects  produced  bj  the 
electric  fluid. 

J,  Do  the  negative  and  positive  clouds  act  in  the  same  manner 
as  the  outside  and  inside  coatings  of  a  charged  Leyden  jar  ? 

2\  Thunder-clouds  frequently  do  nothing  more  than  conduct 
or  convey  the  electric  matter  from  one  place  to  another. 

C  Then  they  may  be  compared  to  the  discharging-rod. 

T.  The  following  is  not  an  uncommon  appearance:  a  dark 
cloud  is  observed  to  attract  others  to  it,  and,  when  grown  to  a 
considerable  size,  its  lower  surface  swells  in  particular  parts 
towards  the  earth.  During  the  time  that  the  cloud  is  thus 
forming,  flashes  of  lightning  dart  from  one  part  of  it  to  the  other, 
and  often  illuminate  the  whole  mass ;  and  small  clouds  are  ob- 
served moving  rapidly  beneath  it.  When  the  cloud  has  acquired 
a  sufficient  extent  the  lightning  strikes  the  earth  in  two  opposite 
places. 


CONVERSATION  XV. 
Medical  Electricity, 

T,  Physicians  have  applied  electricity  medically;  in  some 
cases  their  endeavours  have  been  unavailing,  in  others  tJ^e  sue* 
cess  has  been  very  complete. 

C  Did  they  do  nothing  more  than  this  ? 

T,  Yes;  in  some  cases  they  took  sparks  from  their  patients, 
in  others  they  ^ave  them  shocks. 

J,  This  would  be  no  pleasant  method  of  cure,  if  the  shocks 
were  strong. 

T.  You  Know  by  means  of  Lane^  electrometer,  described  in 
our  seventh  Conversation,  the  shock  may  be  given  as  slightly  as 
you  please. 

C  But  how  are  shocks  conveyed  through  any  part  of  the 
body? 

T.  There  are  machines  and  apparatus  made  expressly  for 
medical  purposes.  Suppose  the  electrometer  to  be  fixed  to  a, 
Leyden  phial,  and  the  knob  at  A  to  touch  the  conductor,  and 
the  knob  at  b  to  be  as  far  off  as  you  mean  the  shocks  to  be  weak 
or  strong,  a  chain  or  wire  of  sufficient  length  is  to  be  fixed  to 
the  ring  c  of  the  electrometer,  and  another  wire  or  chain  to  the 
outside  coating :  the  other  ends  of  these  two  wires  are  tq  be 
fastened  to  the  two  knoba  of  tK^  dischar^ng-rod. 
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J,  What  next  is  to  be  done,  if  I  wish  to  electrify  mj  knee,' 
for  instance  ? 

jT.  All  you  have  to  do  is  to  bring  the  balls  of  the  discharging* 
rod  close  to  your  knee,  one  on  the  one  side,  and  the  other  on 
the  opposite  side. 

C  And,  at  every  discharge  of  the  Leyden  jar,  the  super- 
abundant electricity  from  withinside  will  pass  from  the  knob  at 
A  to  the  knob  b,  and  will  pass  through  the  wire  and  the  knee,  in 
its  way  to  the  outside  of  tne  jar,  to  restore  to  both  sides  an  equi- 
librium. 

J.  But  if  it  happen  that  a  part  of  a  bcdy,  as  an  arm,  is  to  be 
electrified,  how  is  it  to  be  done,  because  in  that  case  I  cannot 
use  both  my  hands  in  conducting  the  wires  ? 

T,  Then  you  may  seek  the  assistance  of  a  friend,  who  will,  by 
means  of  two  instruments,  called  directorsy  be  able  to  conduct 
the  fluid  to  any  part  of  the  body  whatever. 

C  What  are  directors  ? 

T,  A  director  consists  of  a  knobbed  brass  wire,  which,  by 
means  of  a  brass  cap,  is  cemented  to  a  glass  handle.  So  the 
operator,  holding  these  directors  by  the  extremities  of  the  glass 
handle,  brings  the  balls,  to  which  the  wires  or  chains  are  at- 
tached, into  contact  with  the  extremities  of  that  part  of  the  body 
of  the  patient  through  which  the  shock  is  to  be  sent.  If  I  feel 
rheumatic  pains  between  my  elbow  and  wrist,  and  a  person  hold 
one  director  at  the  elbow  and  another  about  the  wrist,  the  shock 
will  pass  through,  and  probably  will  be  found  useful  in  removing 
the  complaint. 

J,  Is  it  necessary  to  stand  on  the  glass-footed  stool  to  have 
this  operation  performed  ? 

T,  By  no  means :  when  shocks  are  administered,  the  person 
who  receives  them  may  stand  as  he  pleases,  either  on  the  stool, 
or  on  the  ground  ;  the  electric  fluid,  taking  the  nearest  passage, 
will  always  find  the  other  knob  of  the  other  director,  which  leads 
to  the  outside  of  the  jar. 

C  Is  it  necessary  to  make  the  body  bare  P 

T.  Not  in  the  case  of  shocks,  unless  the  coverings  be  very 
thick  :  but  when  sparks  are  to  be  taken,  then  the  person  from 
whom  they  are  drawn  must  be  insulated,  and  the  clothes  should 
be  stripped  off  the  part  affected. 

J,  For  what  disorders  is  electricity  chiefly  used  ? 

T,  Dr.  Golding  Bird,  an  eminent  physician  at  Guy's  Hospital, 
has  published  a  series  of  lectures,  in  which  he  gives  the  resultsf 
of  the  application  of  electricity  to  different  classes  of  disease. 

In  eleven  cases  of  paralysis,  five  were  cured,  four  improved, 
and  two  not  relieved.     Sparks  were  taken  from  the  «^V&^.    C^i 
ten  cases  of  rheumatic  paralyus,  five  "wet^  cut^^ISks^^  x^«^^^ 
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and  two  unrelieved.  Sparks  were  taken  from  the  spine,  and 
from  the  muscles  that  were  affected.  Equal  success  attended 
his  applications  of  electricity  to  the  relief  of  other  ills  to  which 
flesh  is  heir. 


CONVERSATION  XVI. 

0/ Animal  Electricity ;  of  the  Torpedo;  of  the  Ch/mnotus  Elec* 
tricus;  and  of  the  Situnis  Electricus* 

T.  There  are  certain  fish  which  are  possessed  of  the  singular 
property  of  giving  shocks  very  similar  to  those  experienced  by 
means  of  the  Leyden  jar. 

C,  I  should  like  much  to  see  them :  are  they  easily  obtained  ? 

T.  No,  they  are  not :  they  are  called  the  torpedo^  the  gymnohu 
eUctricuSy  and  the  silurus  etectricus. 

J.  Are  they  all  of  the  same  genus  ? 

jT.  No  ;  the  torpedo  is  a  fiat  fish,  seldom  tweniv  inches  long, 
and  is  common  in  various  parts  of  the  sea  coast  of  Europe.  The 
electric  organs  of  this  fisn  are  placed  on  each  side  of  the  gills, 
where  they  fill  up  the  whole  thickness  of  the  animal,  from  the 
lower  to  the  upper  surface,  and  are  covered  by  the  common  skin 
of  the  body. 

C  Can  you  lay  hold  of  the  fish  by  any  other  part  of  the  body 
with  impunity. 

T.  Not  altogether  so ;  for  if  it  be  touched  with  one  hand,  it 
generally  communicates  a  very  slight  shock ;  but  if  it  be  touched 
with  both  hands  at  the  same  time,  one  being  applied  to  the  under, 
and  the  other  to  the  upper  surface  of  the  body,  a  shock  will  be 
received  similar  to  that  which  is  occasioned  by  the  Leyden  jar. 

J,  Will  not  the  shock  be  felt  if  both  hands  be  put  on  one  of 
the  electrical  organs  at  the  same  time  ? 

T*  No ;  and  this  shows  that  the  upper  and  lower  surfaces  of 
the  electric  organs  are  in  opposite  states  of  electricity,  answer- 
ing to  the  positive  and  negative  sides  of  a  Leyden  phial. 

C.  Are  the  same  substances  conductors  of  the  electric  power 
of  the  torpedo,  by  which  artificial  electricity  is  conducted  ? 

T,  Yes,  they  are :  and  if  the  fish)  instead  of  being  touched  by 
the  hands,  be  touched  by  conducting  substances,  as  metals,  the 
shock  will  be  communicated  through  them.  The  circuit  may  also 
be  formed  by  several  persons  joining  hands,  and  the  shock  will 
be  felt  by  them  all  at  the  same  time. 

C.  Is  it  known  how  the  power  is  accumulated  ? 

jT.  It  seems  to  depend  on  the  will  of  the  animal,  for  each 
effort  is  accompanied  with  a  depression  of  its  eyes,  and  it  pro- 
bfU>lj  AMikes  use  of  it  as  a  means  of  self-defence. 
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J.  Is  tbis  the  case  also  with  the  other  electrical  fishes  ? 

T,  The  gymnotus  possesses  all  the  electric  properties  of  the 
torpedo,  but  in  a  very  superior  degree.  This  fish  has  been  called 
the  electrical  eel,  on  account  of  its  resemblance  to  the  common 
eel.    It  is  found  in  the  large  rivers  of  South  America. 

C,  Are  these  fishes  able  to  injure  others  by  this  power  ? 

T.  If  small  fishes  are  put  into  the  water  in  which  the  gym* 
notus  is  kept,  it  will  first  stun,  or  perhaps  kill  them,  and  if  it 
be  hungry,  it  will  then  devour  them.  But  fishes  stunned  by 
the  gymnotus  may  be  recovered,  by  being  speedily  removed 
into  another  vessel  of  water. 

In  March,  1838,  a  gymnotus  was  caught  and  sent  safely  to 
England,  and  was  received  at  the  Adelaide  Gallery  on  Au^ 
gust  15th.  In  September  of  the  same  year.  Dr.  Faraday  experi- 
mented with  it,  and  obtained  from  it  electricity  which  produced 
all  the  usual  effects.  The  shock  was  most  powerful  when  one 
hand  grasped  it  near  the  head,  and  the  other  near  the  tail. 
The  needle  of  a  galvanometer  (an  instrument  to  be  described 
hereafter)  was  deflected  40^;  the  positive  electricity  passing 
from 'the  anterior  part  of  the  body,  through  the  galvanometer^ 
to  the  posterior  part.  A  needle  was  magnetized^  by  allowing 
the  electricity  to  pass  through  twenty-five  feet  of  silk-covered 
wire,  wound  round  a  quill,  in  which  the  needle  was  placed. 

Chemical  decomposition  was  easily  obtained  by  allowing  the 
electricity  to  pass  through  paper  moistened  by  a  solution  of 
iodide  of  potassium.  Heat  was  produced  by  allowing  the  dis- 
charge to  take  place  through  a  fine  wire,  contained  m  a  glass 
globe  of  air.  The  electric  spark  was  obtained  by  having  one 
end  of  the  wire  of  an  electro-magnet  in  contact,  by  proper 
'Conductors,  with  the  fish,  while  the  other  was  rubbed  along  a 
file. 

C  But  you  are  telling  us  of  apparatus  that  have  not  been 
mentioned  before ;  and  we  cannot  know  how  they  act. 

T.  I  mention  tiiem  here,  as  I  am  describing  the  power  of 
this  fish ;  but  must  reserve  the  explanation  of  them  until  we 
get  into  the  secrets  of  voltaic  electricity  and  electro-magnetism. 

I  should  have  told  you,  that  a  direct  spark  was  obtained  be-, 
tween  the  leaves  of  a  gold-leaf  electroscope. 

M.  Gassiot  obtained  not  onlj  the  at&action  of  gold-leaves, 
but  they  were  actually  fused,  scmtillating  in  a  beautiful  manner. 

This  gymnotus  died  of  the  rupture  of  a  blood-vessel  oa 
March  14th,  1842. 

Several  others  have  since  reached  England,  of  which  live 
specimens  are  tO'  be  seen  at  the  Royal  Polytechnic  Institution. 
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Some,  cominff  as  presents  to  the  Electrical  Society,  died  on  their 
passage,  of  which  careful  dissections  were  made  by  Dr.  Lethebj 
of  the  London  UospitaL  The  electrical  organs,  preserved  in 
spirit,  may  be  seen  at  the  Polytechnic. 

J.  How  do  they  catch  these  kinds  of  fish ;  the  man  would, 
probably,  let  them  go  on  receiving  the  shock  ? 

T»  In  this  way  the  property  was,  perhaps,  first  discovered. 
The  g^mnotus,  as  well  as  the  others,  may  be  touched,  without 
any  nsk  of  the  shock,  with  wax  or  with  glass ;  but  if  it  be 
touched  with  the  naked  finger,  or  with  a  metal,  or  a  gold  ring, 
the  shock  is  felt  upon  the  arm. 

C  Does  the  ai£uru»  electricus  produce  the  same  effects  as  the 
others? 

T»  This  fish  is  found  in  some  river  in  Africa,  and  it  is  known 
to  possess  the  property  of  giving  the  shock,  but  no  other  parti- 
oulard  have  been  detailed  xespecting  it. 

With  regard  to  the  torpedo,  its  power  of  giving  the  benumbing 
sensation  was  known  to  the  ancients,  and  from  this  it  probably 
took  its  name.  In  Firmin*s  "  Natural  History  of  Surinam**  is 
some  account  of  the  trembling  eel^  which  Dr.  Priestly  conjec- 
tures to  be  different  from  the  gymnotus;  it  lives  in  marshy 
places,  from  whence  it  cannot  be  taken,  except  when  it  is  in- 
toxicated. It  cannot  be  touched  with  the  hand,  or  with  a 
stick,  without  giving  a  terrible  shock.  If  trod  upon  with  shoes, 
the  legs  and  thighs  are  affected  in  a  similar  manner. 

The  enterprising  scientific  traveller  Humboldt  enables  us  to 
give  a  very  satisfactory  answer  to  James*s  inquiry  as  to  the 
mode  of  catching  these  electric  fishes.  When  he  was  in  South 
America  he  was  exceedingly  anxious  to  obtain  some  of  these 
animals  for  his  experiments.  For  this  express  purpose  he 
stopped  some  days,  on  his  journey  across  the  Llanos  to  the  river 
Apure,  at  the  small  town  of  Calabozo,  in  the  neighbourhood  of 
which  he  was  informed  that  they  were  very  numerous.  He 
was  conducted  to  the  Cano  de  Bera,  the  principal  spot  fre* 
quented  by  the  gymnotL  It  is  a  small  piece  of  shallow  water, 
stagnant  and  muddy,  but  of  the  heat  of  seventy-nine  degrees, 
and  surrounded  by  a  rich  vegetation.  Here  he  soon  witnessed 
a  spectacle  of  the  most  novel  and  extraordinary  kind.  About 
thirty  horses  and  mules  were  quickly  collected  from  the  ad- 
jacent savannahs,  where  they  run  half  wild,  and  are  only  Valued 
at  a  few  shillings  each.  These  the  Indians  hem  in*  on  all  sides, 
and  drive  into  the  marsh ;  then  pressing  to  thie  edge  of  the 
water,  or  climbing  along  the  extended  branches  of  the  trees, 
armed  with  lone  bamb^s  or  harpoons,  they,  with  loud  cries, 
push  the  animids  forward,  and  prevent  their  retreat.    The 
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gymnoti,  roused  from  their  slumbers  by  this  noise  and  tumult, 
mount  near  the  surface,  and,  swimming  like  so  many  livid 
water  serpents,  briskly  pursue  the  intruders,  and,  gliding  under 
their  belhes,  discharge  through  them  the  most  violent  and  re- 
peated shocks.  The  horses,  convulsed  and  terrified,  their  manes 
erect,  and  their  eyes  staring  with  pain  and  anguish,  make  un* 
availing  struggles  to  escape.  In  less  than  five  minutes,  two  of 
them  sunk  under  the  water,  and  were  drowned.  Victory 
seemed  to  declare  for  the  dectric  eels :  but  their  activity  now 
began  to  relax.  Fatigued  by  such  expense  of  nervous  energy, 
they  shot  their  electric  discharges  with  less  frequency  and 
effect.  The  surviving  horses  ^adually  recovered  from  the 
shocks,  and  became  more  composed  and  vigorous.  In  a  quarter 
of  an  hour  the  gymnoti  finally  retired  from  the  contest,  and  in 
such  a  state  of  languor  and  complete,  exhaustion,  that  they 
were  easily  dragged  on  shore  by  the  help  of  small  harpoons 
fastened  to  cor&.  This  very  singular  method  of  catching  the 
electric  eel  is,  in  allusion  to  the  mode  of  catching  fish  by  means 
of  the  infusion  of  narcotic  plants,  termed  emharbtucar  con  ca^ 
haUoSy  or  poisoning  voUh  horses  I 


CONVERSATIOI^r  XVIL 
General  Summary  of  Electricity ^  tcith  Experiments. 

T.  You  now  understand  that  electricity  pervades  all  sub- 
stances, and,  when  undbturbed,  it  remains  in  a  state  of  equili- 
brium. 

J.  And  that  certain  portion,  which  every  body  is  supposed 
to  contain,  is  called  its  natural  share. 

T,  When  a  body  is  possessed  of  more  or  retains  less  than  its 
natural  share,  it  is  said  to  be  charged^  or  electrified. 

C,  If  it  possess  more  than  its  natural  share,  it  is  said  to  be 
positively^  electrified ;  but  if  it  contain  less  than  its  natural 
share,  it  is  said  to  be  negatively  electrified. 

T,  Does  it  not  sometimes  happen  that  the  same  substance  is 
both  positively  and  negatively  electrified  at  the  same  time  ? 

J,  X  es :  the  Leyden  jar  is  a  striking  instance  of  this,  in 
which,  if  the  inside  contain  more  than  its  natural  share,  the 
outside  will  contain  less  than  its  natural  quantity. 

T,  What  is  the  distinction  between  conductors  and  non- 
conductors of  electricitv  f 

C.  The  electric  fluid  passes  more  freely  through  the  former 
than  the  latter, 
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T,  Tou  know  that  electricity  is  excited  in  the  greatest  quan- 
tities by  the  friction  of  conducting  and  non-conducting  sub** 
stances  against  each  other. 

Ex,  Rub  two  pieces  of  sea1in^-wax»  or  two  pieces  of  glass; 
together,  and  only  a  yery  small  portion  of  electricity  can  be 
obtained :  therefore  the  rubber  of  a  machine  should  be  a  con^ 
ducting  substance,  and  not  insulated. 

Every  electrical  machine,  with  an  insulated  rubber,  will  act 
in  three  different  ways :  the  rubber  will  produce  nefoHve  elec* 
tricity;  the  conductor  will  give  oiit  positive  electricity;  and  it 
will  communicate  both  powers  at  once  to  a  person  or  substance 
placed  between  two  directors  connected  with  them.  > 

J,  How  does  the  rubber  produce  negative  electricity  ? 

T.  If  TOU  stand  on  a  stool  with  fflass  legs,  or  upon  any  other 
non-conducting  substance,  and  lay  hold  of  the  rubber,  or  a  chain 
that  communicates  with  it,  the  working  the  machine  will  take 
away  from  vou  a  quantity  of  your  natural  electricity  :  there? 
fore  you  will  be  negatively  electrified. 

-    C  Will  this  appear  by  the  nature  of  the  electric  fluid,  if  I 
hold  in  my  hand  a  steel  point,  as  a  needle  ? 

T.  If  you,  standing  on  a  non-conducting  substance,  are  con- 
nected with  the  rubber,  and  your  brother,  m  a  similar  situation, 
connected  with  the  conductor,  hold  points  in  your  hands,  and  I, 
while  I  stand  on  the  'ground,  first  present  a  brass  ball,  or  other 
substance,  to  the  nee£e  in  your  hand,  and  then  to  that  in  his 
hand,  the  appearance  of  the  fluid  will  be  different  in  both  cases  : 
to  the  needle  in  your  hand  it  will  appear  like  a  star,  but  to  that 
in  your  brother*s  it  will  be  rather  in  the  form  of  a  brush.  What 
will  happen  if  you  bring  two  bodies  near  to  one  another  that 
are  both  electrified  ? 

J.  If  they  are  both  positively  or  both  negatively  electrified, 
they  wUl  repel  each  other ;  but  if  one  is  negative  and  the  other 
positive  they  will  attract  one  another  till  they  toucli,  and  the 
equilibrium  is  again  restored. 

T.  If  a  body  containing  only  its  natural  share  of  electricity, 
be  brou^t  near  to  another  that  is  electrified,  what  will  be  tlie 
t^onsequence  ? 

C.  A  quantity  of  electricity  will  force  itself  through  the  air 
in  the  form  of  a  spark. 

T,  When  two  bodies  approach  each  other,  one  electrified 
positively  and  the  other  negatively,  the  superabundant  eleo* 
tr'city  rushes  violently  fh)m  one  to  the  other  to  restore  the 
equilibrium.  What  will  happen  if  your  body,  or  any  part  of 
it,  form  part  of  the  circuit  ? 

J.  An  electric  shock  will  be  produced,  and  if,-  instead  of  oa^ 
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person  alone  many  join  hands  and  form  pajrt  of  the  circuit,'  they 
will  all  receivs  a  shock  at  one  Und  the  same  instant. 
-  2\  If  I  throw  a  larger^quantitj  of  electricity  than  its  natural 
share  on  one  side  of  a  piece  of  glass,  what  will  happen  to  the 
other  side  ? 

C.  The  other  side  will  become  negatively  electrified :  that  is, 
it  will  have  about  as  much  less  than  its  natural  share  as  the 
other  has  more  than  its  natural  share. 

'■ :  T,  Does  electricity  communicated  to  glass  spread  over  the 
whole  surface  P 

J,  No :  glass  being  an  excellent  non-conductor,  the  electric 
fluid  will  be  confined  to  the  part  on  which  it  is  thrown ;  and 
for  that  reason,  and  in  order  to  apply  it  to  the  whole  surface, 
the  glass  is  covered  with  tinfoil,  which  is  called  a  coating. 

T,  And  if  a  conducting  communication  be  made  between 
both  sides  of  the  glass,  what  takes  place  then  P 

C.  A  discharge ;  and  this  happens  whether  the  glass  be  flat 
or  in  any  other  form. 

T.  What  do  you  call  a  cylindrical  glass  vessel,  thus  coated  for 
electrical  purposes  P 

J.  A  Leyden  jar ;  and  when  the  insides,  and  also  the  out* 
Bides,  of  several  of  these  jars  are  connected,  it  is  called  an 
electrical  battery. 

T,  Electricity  in  this  form  is  capable  of  producing  the  most 
powerful  effects,  such  as  melting  metals,  firing  spirits,  and 
other  inflammable  substances.  What  effect  have  metallic 
points  on  electricity  P 

C.  They  discharge  it  silently,  and  hence  their  great  utility 
in  defending  buildings  from  the  dire  effects  of  lightning.  Pray, 
what  is  thunder  P 

T.  As  lightning  appears  to  be  the  rapid  motion  of  vast  masses 
of  electric  matter,  so  thunder  is  the  noise  produced  by  the 
motion  of  lightning ;  and  when  electricity  passes  through  the 
higher  parts  of  the  atmosphere,  where  the  air  is  very  much 
rarefied,  it  constitutes  the  aurora  borealis. 

£x.  If  two  sharp-pointed  wires  be  bent  with  the  four  ends  at 
right  angles,  but  pointing  different  ways,  and 
they  be  made  to  turn  upon  a  wire  a;  fixed  on 
the  conductor,  the  moment  it  is  electrified  a 
flame  will  be  seen  at  the  points  abed;  the 
wire  will  begin  to  turn  round  in  the  direction 
opposite  to  that  to  which  the  points  are 
turned,  and  the  motion  will  become  very  rapid.  ^***  ^' 

If  the  figures  of  horses  cut  in  paper  be  fastened  upon  these 
wires,  the  horses  will  seem  to  pursue  one  another ;  and  this  is 

OG  3 


454  ELECTRICITY. 

called  tbe  electrical  liorae-raoe.  Of  conrae,  upon  this  principle, 
many  other  amusing  and  verj  beautiful  exporiments  may  be 
made ;  and  upon  the  same  principle  several  electrical  orreries 
have  been  contrired,  showmg  the  motions  of  the  earth  and 
moon,  and  the  earth  and  planets  round  the  sun. 

J.  How  do  you  account  ibr  this? 

T,  Fix  a  sharp-pointed  wire  into  the  end  of  the  large  con« 
ductor,  and  hold  your  hand  near  it ;  no  s^ks  will  ensue ;  but 
a  cold  blast  will  come  from  the  point,  which,  when  applied  to 
light  millst  wheels,  &c.»  will  turn  them  with  great  velocity. 
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CONVERSATION  I. 

Of  Oalvanism — Its  Origin — Experiments — Of  the  Decont" 

position  of  Water, 

T.  It  has  been  observed  as  lonp;  as  I  can  remember,  and  pro- 
bably before  I  was  bom,  that  porter,  when  taken  from  a  pewter 
pot,  had  a  superior  flavour  than  when  drunk  out  of  glass  or 
china. 

C,  Tes ;  I  have  often  heard  people  say  so ;  but  what  is  the 
reason  of  it  ? 

T.  Admitting  the  fact,  which  is,  I  believe,  generally  allowed 
by  those  who  are  much  accustomed  to  drink  that  beverage,  it  is 
explained  upon  principles  which  are  now  well  understood. 

J.  And  are  these  principles  electrical  ? 

T,  Yes ;  but  before  I  speak  of  them  I  should  tell  you  that 
the  branch  of  science  to  which  they  belong  was  termed  Gal* 
vanism,  from  Dr.  Galvani,  who  first  reported  to  the  pbiloso* 
phical  world  the  experiments  on  which  tbe  science  is  founded ; 
but  it  is  now  more  generally  termed  Voltaic  Electricitv,  because 
the  chemical  features  of  the  science,  on  which  most  of  the  illus- 
trations are  based,  are  due  to  the  original  discoveries  of  Volta. 

C  What,  then,  did  Galvani  do  ? 

T.  Galvani,  a  professor  of  anatomy  at  Bologna,  was  nuddng 
some  electrical  experiments,  and  on  the  table  where  the  ma- 
chine stood  were  some  frogs  skinned.  On  touching  the  maiii 
nerve  of  a  frog,  at  the  same  moment  that  he  took  a  considerable 
spark  from  the  conductor  of  the  electrical  machine,  the  musclep 
of  the  frog  were  thrown  into  strong  convulsions.  The  Pro- 
fessor made  a  number  of  other  experiments ;  but  as  they  cannot 
be  repeated  without  much  cruelty  to  living  animals,  I  shall 
not  enter  into  a  detail  of  them. 

J.  Were  not  the  frogs  dead  which  first  led  to  the  discovery  f 

T.  Yes,  they  were;  but  the  Professor  afterwards  mad^ 
many  experiments  upon  living  ones,  whence  he  found  that  the 
convulsions,  or,  as  they  are  usually  called,  the  contractions  pro- 
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dooed  OD  the  fmg  maj  be  excited  merdy  br  maldi^  m,  oorama* 
nicmtion  between  the  nerres  and  the  mnades  whh  sabstanoes 
that  are  camdmetarM  of  electricity. 

To  illustrate  what  I  mean,  yoa  maT  take  ft  piece  <^  zinc 
plate  and  lay  upon  it  a  half-crown ;  place  ft  leech  or  a  slug 
upon  the  half-crown,  and  mark  what  fmlows. 

C.  I  see  nothing  remarkable ;  the  leech  mores  as  ii^;ht  be 
expected*  Oh!  look  there;  what  made  him  start ?  There  he 
is  a^in !  why  it  seems  that  the  moment  he  toociies  the  zinc  he 
li  conmlsed. 

T.  He  is  so,  proriding  he  is  at  the  sime  time  touching  the 
siWer;  if  he  were  on  the  zinc  alooe  nothii^  would  hiq^ieii* 
The  fact  is,  that  when  two  metals  and  a  liquid  are  in  contact, 
so  as  to  form  a  cirde,  electricity  u  generated.  In  this  case,  the 
moisture  on  the  surface  of  the  animal  senres  as  the  liquid. 
One  metal  and  two  liquids  properly  arranged  produce  analogona 
effects ;  and  thus,  when  the  moisture  of  the  mouth,  the  porter* 
and  the  pewter  pot  were  associated,  a  pungent  taste  was  pro* 
duced  on  the  tongue,  which  improved  the  flaTOur  of  the  liquid. 
You  mnj  have  noticed,  doubtless,  that  a  silver  spoon  dipped  iif 
an  e^  is  not  discoloured ;  but  one  that  has  been  used  for  eat* 
ing  an  ^g  is  very  much  so.  The  reason  of  this  is  that  in  the 
latter  case,  the  metal,  the  moisture  of  the  mouth,  and  the  egg 
form  a  voltaic  circle,  and  produce  a  current  of  electricity,  at- 
tended by  a  chemical  decomposition,  which  discolours  the  spoon. 

I  will  show  you  an  experiment  on  the  subject.  Here  is  a  thini 
piece  of  zinc ;  lay  it  under  jour  tongue,  and  lay  this  half-crown 
upon  the  tongue.  Do  you  taste  anything  very  peculiar  in  the 
Inetals  ? 

'    J.  No ;  nothing  at  alL 

-   T,  Put  them  in  the  bame  portion  again,  and  now  bring  the 
edges  of  the  two  metals  into  contact,  while  the  other  parts 
touch  the  under  and  upper  surface  of  the  tongue. 
'    J.  Now  they  excite  a  very  disagreeable  taste,  something  like 
copperas. 

T,  Instead  of  the  half-crown,  try  the  experiment  with  a 
guinea,  or  with  a  piece  of  charcoal. 

C.  1  perceive  the  same  kind  of  taste  which  James  described ; 
iind  I  can  see  that  when  we  make  the  edges  touch,  we  form  a 
Yoltaic  circle,  and  then  ituie  ha  effects ;  but  while  the  edges  are 
apart,  the  circle  is  incomplete,  and  the  efiect  ceases. 

«/!  All  metals,  as  we  have  seen,  are  conducting  substances  ;  of 
"icourse,  the  zinc,  the  guinea,  and  the  half-crown  are  conductors. 

T,  Yes ;  and  so  are  the  tongue  and  the  saliva ;  and  by  the 
'decomposition  of  some  small  jkurlVulea  of  the  saliva,  the  sharp 
taste  18  excited^  -  * 


VOLTAIC  BATTERY.    :  457 

C  What  do  jou  mean  by  tbe  decomposition  of  the  saliva  ? 

T,  Chemistry  teaches  us  that  water  is  capable  of  being  de-^ 
composed,  that  is,  separated  into  two  gases,  called  hydrogen  fuid 
oxygen. 

J.  Is  saliva  capable  of  being  thus  separated  P 

T.  Certainly ;  because  a  great  part  of  it  may  be  supposed  ta 
be  water ;  and  the  oxygen  combines  with  the  metal,  wnile  the 
hydrogen  escapes.  • » 

C,  The  disagreeable  taste  on  the  tongue  cannot  be  disputed ; 
but  there  is  no  apparent  change  on  the  zinc  or  the  half-crown,^ 
which  there  ought  to  be  if  a  new  substance,  as  the  oxygen,  has 
entered  into  the  combination.  ' 

T,  The  change  is,  perhaps,  too  small  to  be  perceived  in  thiff 
experiment ;  but  in  others  on  a  larger  scale  it  will  be  very 
evident  to  the  sight,  by  the  oxidation  of  the  metals. 

J,  Here  is  another  strange  word.  I  do  not  know  what  is 
meant  by  oxidation. 

T,  The  iron  bars  fixed  before  the  window  were  clean  and 
almost  bright  when  placed  there  last  summer. 

J,  Biit  not  being  painted  they  are  become  quite  rusty. 

T.  Now,  in  chemical  language,  the  iron  is  said  to  be  oxidated 
instead  of  rusty ;  and  the  earthy  substance  that  may  be  scraped 
from  them  used  to  be  called  the  calx  of  iron;  but  it  is,  by 
modem  chemistry,  denominated  the  oxide  of  iron. 

When  mercury  loses  its  fine  brightness,  by  being  long 
exposed  to  the  air,  the  dullness  is  occasioned  by  oxidatio^  ;  that 
is,  the  same  effect  is  produced  by  the  air  on  the  mercury  as  was 
on  the  iron.  I  will  give  you  another  instance.  I  will  melt 
some  lead  in  this  ladle ;  you  see  a  scum  is  speedily  formed.  1 
take  it  away,  and  another  will  arise,  and  so  perpetually,  till  the 
whole  lead  is  thus  transformed  into  an  apparently  different 
substance.    This  is  called  the  oxide  of  lead. 

On  the  same  principle  we  obtain  the  oxides  of  the  other 
metals ;  and  the  process  by  which  the  metals  are  converted  itito 
oxides  is  called  oxidation.  The  pure  metals,  as  silver  and 
gold,  are  not  easily  oxidated  ;  but  lead,  copper,  iron,  zinc,  &c., 
readily  lose  their  metallic  properties,  and  become  oxides. 


CONVEJISATION  IL 

Galvanic  Light  and  Shocks —  VoUaism, 

C.  We  had  a  taste  of  voltaic  electricity  yesterday.    Is  there 
no  way  of  seeing  it  ? 
■    2\  Put  this  piece  of  zinc  between  the  lip  and  \k^  ^s!=^xsi%^  ^iSiw 
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high  as  jou  can,  and  then  lay  a  half-crown,  or  guinea,  upon  the 
tongue,  and,  when  so  situated,  bring  the  metals  into  contact. 
C.  I  thought  I  saw  a  faint  flash  of  light. 
T.  I  dare  saj  you  did ;  it  was  for  that  purpose  I  bade  you 
make  the  experiment.  It  may  be  done  m  another  war ;  by 
putting  a  piece  of  silver  up  one  of  the  nostrils,  and  the  zmc  on 
the  upper  part  of  the  tongue,  and  then  bringing  the  metals  in 
contact,  the  same  effect  wul  be  produced. 

J,  By  continuing  the  contact  of  the  two  metals,  the  appear- 
ance of  light  does  not  remain. 

T.  Ko,  it  IS  visible  only  at  the  moment  of  making  the  con* 
tact.  You  may,  if  you  make  the  experiment  with  great  atten- 
tion, put  a  smaU  slip  of  tinfoil  over  the  ball  of  one  eye,  and 
hold  a  teaspoon  in  your  mouth,  and  then,  upon  the  communica- 
tion between  the  spoon  and  the  tin,  a  faint  light  will  be  visible. 
These  experiments  are  best  formed  in  the  dm. 

C.  Are  there  no  means  of  making  experiments  on  a  larger 
scale? 

T.  Yes,  we  have  galvanic  (or  as  they  ought  to  be 
denominated,  voUaie  batteries,  from  Volta^  the  in- 
ventor of  them)   as  well  as  electrical  batteries. 
Here  is  one  of  them  (Fig.  1.).    It  consists  of  a 
number  of  pieces  of  silver,  zinc,  and  flannel  cloth, 
of  equal  sizes ;  and  they  are  thus  arranged :  a  piece 
of  zmc,  a  piece  of  sdver,  and  a  piece  of  doth 
moistened  with  a  solution  of  salt  in  water,  and  so 
on  till  the  pile  is  completed.    To  prevent  the  pieces 
Fis-  !•       from  falling,  they  are  supported  on  the  sides  by 
three  rods  of  glass  fixed  into  a  piece  of  wood,  and  down  these 
rods  slides  another  piece  of  wood,  which  keep  all  the  pieces  in 
close  contact.    Copper  may  be  used  instead  of  silver,  but  re* 
quires  to  be  cleaned  more  frequently. 
J.  How  do  vou  make  use  of  this  instrument  ? 
T.  Touch  the  lower  piece  of  metal  with  one  hand,  and  the 
upper  one  with  the  other. 
J.  I  felt  an  electric  shock. 

T.  And  you  may  take  as  many  as  vou  please ;  for,  as  often 
as  you  renew  the  contact,  so  often  will  you  feel  the  shock. 

Here  is  a  different  apparatus  (Fig.  2.).  In  these  three  glasses 
(and  I  might  use  30,  or  300,  or  more,  as  well  as  three)  is  a 
solution  of  salt  and  water.  Into  each,  except  the  two  outer 
ones,  is  plunged  a  small  plate  of  zinc,  and  another  of  silver  or 
copper.  These  plates  are  made  to  communicate  with  each 
other  by  means  of  a  thin  wire,  fastened  so  that  the  silver  of 
the  first  glass  is  connected  with  the  zinc  of  the  second ;  the 
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Fig.  S:  Fig.  S. 

silver  of  the  second  with  the  zinc  of  the  third,  and  so  on  :  now, 
if  jou  dip  one  hand  into  the  first  glass,  and  the  other  into  the 
last,  the  shock  is  felt 

C.  Will  any  kind  of  glasses  answer  for  this  experiment  ? 

T.  Yes,  thej  will ;  wine-glasses,  or  goblets,  or  finger  glasses, 
and  so  will  china  cups. 

A  third  kind  of  battery  (ilg.  3.)  consists  of  a  trough  ot 
wood,  three  or  four  inches  deep,  and  about  as  broad.  In  the 
sides  of  this  trough  are  erooyes  opposite  to  each  other,  and 
about  a  quarter  of  an  indi  asunder.  Into  each  pair  of  these 
grooves  is  put  a  plate  of  zinc,  and  another  of  copper,  and  they 
are  to  be  cemented  in  such  a  manner  as  topreyent  any  com- 
munication between  the  different  cells.  The  cells  are  now 
filled  with  a  solution  of  salt  and  water ;  or,  if  you  wish  to  have 
the  battery  more  powerful,  with  dilute-sulphuric  acid ;  or,  it 
still  more  powerful,  with  a  mixture  of  dilute-sulphuric  and 
nitric  acids :  but  in  these  latter  cases,  the  liquids  must  not  be 
poured  in  until  the  batteries  are  actually  required,  and  must 
DC  poured  out  as  soon  as  the  experiments  are  oyer ;  as  they  act 
spontaneously  and  powerfully  upon  the  zinc. 

In  the  yanous  voltaic  combinations,  where  powerful  acids  are 
used,  the  zinc  is  profitably  protected  by  being  first  well  scoured 
with  sand  and  acid,  and  then  dipped  into  mercury.  This  is 
called  amalgamation.  The  battery  is  complete ;  with  your  hands 
make  a  communication  between  Uie  two  end  cells. 

C  I  felt  a  strong  shock. 

T.  Wet  your  hands,  and  join  your  left  with  James's  right, 
then  put  your  right  hand  into  one  end  cell,  and  let  James  put 
his  left  into  the  opposite  one. 

J.  We  both  felt  the  shock  like  an  electric  shock,  but  not  so 
severe. 

T,  Several  persons  may  receive  the  shock  toother,  by  joining 
hands,  if  their  hands  are  well  moistened  with  water.  The 
strength  of  the  shock  is  much  diminished  by  passing  through  so 
long  a  circuit.  The  shock  firom  a  battery  consisting  of  fifty  or 
uxty  pairs  of  zinc  and  silver,  or  zinc  and  copper,  may  be  felt  as 
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hlffh  as  the  elbows.  And  if  five  or  six  such  batteries  be  united 
with  metal  clamps,  the  combined  force  of  the  shock  would  be 
such  that  few  would  willinelj  take  it  a  second  time. 

C  What  are  the  wires  ror  at  each  end  of  the  trough  f 

T.  Thej  are  attached  in  order  that  the  dectric  force  nuij  be 
directed  into  such  chatmels  as  will  make  it  manifest ;  for  in- 
stance, if  a  small  piece  of  well-burnt  box-wood  charcoal  is  tied 
at  the  end  of  each  wire,  and  the  charcoal  points  are  brought 
together,  and  then  slightly  separated,  the  electric  Ught  la  pro- 
duced, and  the  charcoal  is  sligntlj  consumed. 

An  apparatus  has  been  constructed  by  which  the  points 
adiust  tnemselves  in  proportion  as  they  are  consumed;  and 
Yoltaic  batteries  have  been  proposed  for  producing  electricity 
at  a  cheap  rate.  When  these  things  are  practically  carried  out, 
we  shall  nave  electric  illumination. 

C.  How  valuable  this  will  be  for  single  large  lights,  although 
not  so  convenient  in  a  room ! 

T,  The  heating  power  of  an  electric  current  is  shown  by 
straining  a  small  platinum  wire  between  the  two  short  copper 
wires ;  this  metal  is  a  comparatively  bad  conductor  of  electricity, 
and  is  immediately^made  incandescent,  and  gives  out  much  heaJt,  ^ 
and  no  small  amount  of  light.  If  one  wire  is  placed  in  a  cup 
of  mercury,  and  gold  or  silver-leaf,  hanging  from  the  other,  is  | 
allowed  to  flap  upon  the  mercury,  the  Teat  ignites  and  bums 
with  a  beautiful  name ;  which  varies  with  the  oiflerent  metals.  ^ 

Chemical  action  is  shown  by  dipping  the  ends  of  the  wires 
into  some  liquid.    Changes  then  occur  in  the  neighbourhood  ot 
each  wire,  iniich  are  dependent  on  the  nature  of  ih&  liquid, 
and  of  the  wires.    If,  for  instance,  the  liquid  b  dilute  sulphuric 
acid,  and  the  metal  platinum,  the  water  of  the  solution  is  de- 
composed, and  its  constituents  are  liberated ;  viz.  oxygen  gas, 
where  the  current  enters  the  solution,  and  hydrogen  where  it        j 
leaves  it :  if  the  current  enters  by  a  copper  wire,  the  oxygen,        t 
instead  of  appearing,  unites  with  the  copper,  and  makes  an       F 
oxide  of  copper,  which  is  immediately  dissolved ;  if  much  oxide 
of  copper  is  aUowed  to  dissolve  in,  the  hydrogen  will  soon 
cease  to  appear  at  the  wire  by  which  the  current  leaves  the 
solution ;  for  the  hydrogen,  in  this  case,  exchanges  places  with 
.the  copper  that  is  in  solution,  and  the  copper  makes  its  appear^ 
ance  in  a  bright  metallic  form. 

Magnetic  deflection  is  shown  by  joining  the  wires  together, 
and  holding  wem  near  a  compass  needle  and  parallel  with  it. 
The  needle  moves  according  to  certain  laws,  to  which  we  will 
briefly  refer  in  our  conversation  on  electro-magnetism. 

Magnets  are  easily  made  by  wrapping  a  portion  of  the  wir^ 
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(which  mnst  be  covered  with  cotton  or  silk,  &c.  for  thid  purpose) 
round  a  steel  or  iron  bar ;  in  the  former  case  a  permanent 
magnet  is  made,  in  the  latter  a  temporary  magnet. 

Bj  leading  these  wires  to  two  separate  gold-leaves  of  an 
electroscope  of  special  construction,  iUtraction  is  obtained.  And 
bj  using  a  proper  kind  of  battery  and  many  cells,  a  spark 
passes  before  the  wires  quite  meet. 

J.  Will  the  battery  continue  to  act  any  great  length  of  time  ? 

T.  The  action  of  all  these  kinds  of  batteries  is  the  strongest 
when  they  are  first  filled  with  the  fluid  ;  and  it  declines  in  pro- 
portion as  the  metals  are  oxidated,  or  the  fluid  loses  its  powers 
Of  course,  after  a  certain  time,  the  fluid  must  be  changed  and 
the  metals  cleaned,  either  with  sand,  or  by  immersing  them  li 
short  time  in  diluted  acid.  Care  must  always  be  taken  to  wipe 
quite  dry  the  edges  of  the  plates,  to  prevent  a  communication 
between  the  cells :  and  it  will  be  found,  that  the  energy  of  the 
battery  is  in  proportion  to  the  rapidity  with  which  the  zinc  is 
oiddated. 


CONVERSATION  III. 
Voltaic  Condwtors-^  Circles -^Tables — MxperimetUs. 

T.  You  know  that  conductors  of  the  electric  fluid  difier  from 
each  other  in  their  conducting  power. 

C  Yes ;  the  metals  are  the  most  perfect  conductors,  then 
charcoal,  afterwards  water  and  other  fluids.  This  you  taught 
us  in  our  second  conversation  on  electricity. 

T,  In  voltabm  we  call  the  former  dry  and  j9«r/ecf  conductors ; 
these  are  the  first  class :  the  latter,  or  second  class,  imperfect 
<!onductor8 ;  and,  in  rendering  the  voltaic  power  sensible,  the 
combination  must  consist  of  at  least  three  conductors  •  of  the 
diflerent  classes. 

J,  Do  you  mean  two  of  the  first  cldss,  and  one  of  the  second? 

jT.  When  two  of  these  bodies  are  of  the  first  class,  and  one 
is  of  the  second,  the  combination  is  said  to  be  of  the  ^«/  order. 

C  The  large  battery  which  you  used  yesterday  was  of  the 
first  order  then,  because  there  were  two  metals,  viz.  zinc  and 
silver,  and  one  fluid. 

T,  This  is  called  a  simple  voltaic  pair ;  the  two  metals  touched 
each  other  in  some  points,  and  at  other  points  they  were  con* 
nected  bv  the  fluid,  which  was  of  a  diflerent  class. 

J.  Will  you  give  us  an  example  of  the  second  order  f 

2r.  When  a  person  drinks  porter  from  a  pewter  mu^,  thid 
tdoisture  of  his  under  lip,  as  I  have  already  told  you,  is  one 
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conductor  of  the  second  dass,  the  porter  is  the  other,  and  the 
metal  is  the  third  bodir,  or  conductor  of  the  first  chiss, 
'  The  discoloration  of  a  silver  spoon,  in  the  act  of  eating  eggs, 
is  a  voltaic  operation.  The  fluid  egg  and  the  saliva  are  sub" 
stances  of  the  second  class  of  conductors,  and  the  silver  of  the 
first  class. 

C.  Which  are  the  most  powerful  voltaic  comlnnations  ? 

2r.  In  all  practical  voltaic  combinations,  zinc  is  used  for  the 
positive  metal,  and  is,  with  rare  exceptions,  always  amalgamated ; 
It  is  then  unattacked  bv  the  exciting  solutions  while  the  battery 
is  at  rest ;  and  when  the  batterer  is  in  action,  it  is  consumed  in 
exact  proportion  to  the  electricity  produced.  GU>ld,  platinum, 
graphite  or  carbon,  silver,  copper,  or  iron,  are  used  lor  the  ne* 
ffative  metal ;  and  as  far  as  the  metals  are  concerned,  platinum 
IS  employed  in  opposition  with  zinc  to  produce  the  best  combi- 
nation :  gold  is  too  expensive ;  carbon  is  nearly  as  good  as  pla- 
tinum, 

C  And  I  suppose  that,  having  selected  the  metals  that  are 
most  opposed,  to  each  other  in  their  electro-chemical  characters, 
the  power  of  their  combination  varies  with  the  nature  of  the 
solution  used  P 

T,  Yes;  according  as  the  difference  between  the  chemical 
affinity  of  the  solution  for  the  respective  metals  is  greater,  the 
quantity  of  electricity  produced  is  greater ;  and  it  is  uso  greater 
in  proportion  as  the  solution  is  a  better  conductor  of  electricity. 
The  actual  force  of  the  electric  current,  circulating  in  Uie  con- 
ducting wires  that  are  in  connection  with  a  voltaic  battery,  de- 
pends on  many  circumstances. 

C  Can  we  understand  these  circumstances  ? 

T,  I  will  endeavour  to  explain  them  to  you.  The  following 
is  Professor  Ohm^s  equation  representing  the  force  of  a  voltaic 
series: 

nE 

n  B-f-r. 

r  represents  the  force ;  b,  the  electro-motive  force  of  each  cell, 
depending  on  the  conditions  I  have  just  givenlyou ;  b,  the  re- 
sistance opposed  by  each  cell  to  the  passage  through  it  of  the 
electric  current,  which  is  less  according  as  it  conducts  better : 
by  ceU  is  here  included  the  liquid  and  the  metals ;  r,  the  resist- 
ance of  the  conducting  wire,  or  circuit,  whether  part  solid  and 
part  liquid,  or  all  metal ;  n,  the  number  of  cells. 

C  Then  the  more  I  increase  the  value  of  the  numerator,  or 
upper  term  of  that  fraction,  the  greater  is  the  amount  of  force 
circulating  P 
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T  Yes ;  and  if  jou  could  increase  it  to  an  unlimited  extent 
without  altering  the  denominator,  you  could  have  an  unlin^ited 
supply  of  electricity.  But,  when  the  electro-motive  force  e  is  at 
its  maximum  by  using  the  best  solutions,  you  can  do  nothing 
further  in  that  respect.  You  may  now  increase  the  number  of 
cells  ft ;  but  this  also  increases  the  number  t>f  resistances  b,  and 
so  your  denominator  is  increased,  and  the  yalue  of  the  fraction 
is  kept  down.  If  r,  the  resistance  of  the  connecting  wire,  is 
very  little,  from  using  a  short  wire,  not  much  advantage  is 
gained  by  adding  cells ;  but,  if  the  wire  .is  very  long,  cells  are 
advantageouslpr  added.  These  laws  are  practically  carried  out 
in  all  applications  of  electricity. 

C,  Give  us  an  illustration  of  batteries  of  a  more  powerful 
class. 

T,  Considerable  attention  has  of  late  been  paid  to  the  sub* 
ject,  and  much  anxiety  has  been  evinced  to  Dbtain  a  really 
ffood  and  constant  voltaic  combination ;  for,  in  the  arrangements 
heretofore  described,  the  power  very  soon  fails.  The  late  Pro- 
fessor Daniell,  of  King^s  College,  devised  a  voltaic  combination, 
which  in  practice  has  been  very  much  approved  of:  he  used 
two  metals  and  two  liquids.  The  metals  are  zinc  and  copper ; 
the  liquids  are  water  containing  sulphuric  acid,  and  solution  of 
sulphate  of  copper.  The  zinc'  is  immersed  in  the. former,  and 
the  copper  in  uie  latter.  The  two  liquids  are  separated  by 
tubes  of  porous  earthenware,  by  animal  membrane,  canvais, 
paper,  &c.,  according  to  the  taste  or  convenience  of  the  person 
using  them. 

C  What  is  gained  by  this  arrangement  P 

T.  The  solution  of  copper  becomes  decomposed  by  the  elec- 
tric action  then  going  on;  and  metallic  copper  is  deposited 
upon  the  copper  plate,  so  that  a  clear  and  perfect  surface  of 
metal  is  maintained ;  and  the  solution  of  zinc  that  is  formed  is 
preserved  separate  from  the  copper,  and  does  not,  therefore, 
interfere  with  the  results. 

J,  And  is  this  the  most  powerful  combination  ? 

T.  No :  the  most  powerful  is  the  arrangement  devised  by 
Professor  Grove.  His  metals  are  zinc  and  platinum,  and  his 
liquids,  dilute  sulphuric  acid  and  strong  nitric  acid,  kept  apart 
by  a  cell  of  porous  earthenware.  The  effects  produced  by  only 
100  of  these  are  powerful  in  the  extreme.  The  Chevalier 
Bunsen  has  used  carbon  instead  of  platinum. 

C,  When  I  have  seen  you  busy  with  your  electrotype  ex- 
periments, I  have  often  heard  you  asking  for  your  *^  Smee  ;** 
what  can  that  be  P 
..    T.  It  is  a  voltaic  combination  called  after  its  inventor ;  but 
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he  himself  called  it  the  chemico-mechanical  battery,  from  its 

Sroperties.  Its  metals  are  zinc  and  silver,  coated 'with  finely 
ivided  platinum ;  the  liquid  is  dilute  sulphuric  acid.  When 
this  begms  acting,  a  c^uantity  of  hydrogen  sas  is  given  off  at 
the  silver  plate ;  and  instead  of  partially  adhering  to  the  plate^ 
and  obstructing  the  action,  as  would  be  the  case  with  a  smooth 
plate,  the  minute  particles  of  platinum  cause  the  gas  to  ascend 
m  constant  streams,  and  so  give  place  to  the  escape  of  fresh 
gas  and  the  production  of  fresh  action.  I  have  myself,  on  this 
hint,  used  a  similar  battery,  only  instead  of  platinized  silver  I 
have  used  copper,  with  fine  particles  of  copper  thrown  down 
upon  it. 

C  But  where  does  this  gas  come  from  ? 

T,  I  will  show  you  the  experiment  to  which  I  referred 
in  our  last  conversation,  a  b  exhibits  a  glass  tube  filled 
with  water,  and  having  a  cork  at  each  end :  ▲  and  b  are 
two  pieces  of  platinum  wire,  which  are  brought  to  within 
an  inch  or  two  of  one  another  in  the  tube,  and  the  other 
ends  are  carried  to  the  battery,  viz.  ▲  to  what  is  called 
the  positive  end,  and  b  to  the  negative  end. 

J.  You  have  then  positive  and  negative  in  voltaic 
electricity  P 

T,  Yes,  and  if  the  circuit  be  interrupted,  the  process 

will  not  go  on.    But  if  all  things  be  as  I  have  just 

Fig.  4.    described,  you  will  see  a  constant  stream  of  bubbles  of 

gas  proceed  from  the  wire  b.    Thb  gas  is  found  to  be  hydrogen, 

or  inflammable  air. 

C.  How  is  that  ascertiuned  P 

T,  By  making  arrangements  to  collect  them,  and  the  gas  will 
immediately  inflame  on  the  approach  of  a  light.  The  bubbles 
which  proi^eed  from  the  wire  a  are  oxygen  gas. 
J.  How  is  this  experiment  explained  P 
T.  The  water  b  decomposed,  or  divided  into  hydrosen  and 
oxygen  :  the  hydrogen  is  separated  from  the  water  by  ue  wire 
connected  with  the  n^ative  extremity,  while  the  oxygen  is 
liberated  at  the  positive  end  of  the  battery. 

If  I  connect  the  positive  end  of  the  baittery  with  the  lower 

wire,  and  the  negative  with  the  upper,  then  the  hydrogen  pro- 

jceeds  from  the  upper  wire,  and  tne  oxygen  from  the  lower 

wire. 

J,  Why  did  you  employ  platinum  wire  P 

T.  Because  I  wishcKi  to  avail  myself  of  a  property  which 

platinum  has,  of  not  having  any  great  affinity  for  oxygen. 

Unless  I  had  done  this,  I  could  not  have  shown  you  the  two 

.'gases ;  for,  had  I  used  copper,  the  oxygen,  instead  of.  making 
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its  appearance,  would  have  combined  with  the  copper,  for 
which  it  has  a  great  affinity,  and  would  have  produced  an  oxide 
of  copper. 

C  Are  there  no  means  of  collecting  these  gases  separately  ? 

T.  Tes ;  instead  of  making  use  of  the 
tube,  let  the  extremities  of  the  wires,  which 
proceed  from  the  battery,  be  immersed  in 
water  at  the  distance  of  an  inch  from  each 
other;  then  suspend  over  each  a  glass 
vessel,  inverted,  and  full  of  water,  and  the 
different  kinds  of  gas  will  be  found  in  the 
two  glasses.  *^*  *• 

An  arrangement  of  this  kind  properly  mounted,  and  having 
the  glass  vessels  duly  graduated,  is  termed  a  voltameter,  because 
it  measures  the  quantity  of  electricity  passing  through  it,  by 
the  quantity  of  gas  evolved.  The  name  was  given  by  Dr.  Fa- 
raday, who  investigated  this  brtmch  of  the  science  very  fully. 

It  is  known  that  hydrogen  gas  reduces  the  oxides  of  metals, 
that  is,  restores  them  to  their  metallic  state.  If,  therefore,  the 
tube  be  filled  with  a  solution  of  acetate  of  lead*  in  distilled 
water,  and  a  communication  be  made  with  the  battery,  no  gas 
is  perceived  to  issue  from  the  wire,  which  proceeds  from  the 
negative  end  of  the  battery,  but  in  a  few  minutes  beautiful 
metallic  needles  may  be  seen  on  the  extremity  of  the  wire. 

J.  Is  this  the  lead  separated  from  the  fluid  ? 

T»  It  is ;  and  jou  perceive  it  is  in  a  perfect  metallic  state, 
and  very  brilliant.  Let  the  operation  proceed,  and  these 
needles  will  assume  the  form  of  fern,  or  some  other  vegetable 
substance. 

C  Can  other  metals  be  separated  in  like  manner  ? 

T.  Yes:  as,  for  instance,  if  you  pass  the  voltaic  current 
through  a  solution  of  sulphate  of  copper  you  release  the  copper ; 
and  by  using  a  battery,  the  power  of  which  is  somewhat  mode- 
rate, you  may  obtain  the  copper,  in  a  compact  malleable  form. 
And  if,  in  addition  to  this,  you  use  a  metal  mould  of  any  object, 
the  released  copper  takes  the  form  of  this  mould,  and  you 
obtain  an  electrotype. 

C,  And  is  electrotype  so  easy  as  this  ? 

T.  Much  easier;  get  mc  a  nail  and  a  little  piece  of  thin 
copper  wire.  Twist  one  end  of  the  wire  round  the  nail ;  warm 
the  other  end,  and  press  it  upon  the  edges  of  the  seal  that  I 
will  break  off  from  the  letter  you  have  just  received  from  your 
sister  Emma ;  and  I  dare  say  we  can  manage  that  you  shall 

»  AceUte  of  lead  ia  » loInUon  of  le«d  in  Metotu  add.. 
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answer  the  letter  by  to-night's  post,  and  seal  it  with  the  same 
impression  that  she  employed. 

C  What ;  can  we  do  this,  and  in  so  short  a  time  ?  I  shall 
be  delighted;  Emma  will  be  so  astonbhed;  she  will  fancy 
that,  by  some  means  or  other,  we  must  have  obtained  her  seaL 

T.  Moisten  the  surface  of  the  seal  with  spirits  of  wine,  while 
James  runs  down  stairs  to  ask  Mary  for  a  little  black-lead. 
Polish  the  surface  with  black-lead,  x  on  have  now  a  voltaic 
pair  ready,  the  metals  being  iron  and  black-lead.  For  liquids, 
take  weak  diluted  sulphuric  acid  and  solution  of  sulphate  of 
copper.  Put  the  sulphate  of  copper  into  a  tumbler ;  sew  a 
cord  into  a  kind  of  bo^,  and  wax  the  edges  that  it  may  not 
leak ;  fill  it  with  the  acid  water :  place  the  nail  in  it,  and  bend 
the  wire,  so  that  the  seal  may  haiig  over  the  side ;  place  the 
whole  in  the  tumbler  of  sulphate  of  copper,  when  the  seal  will 
become  immersed  in  the  solution.  Leave  it  still  for  six  or 
eight  hours,  when  you  will  fi.nd  a  thick  piece  of  copper  has 
deposited  on  the  seal ;  which  is  an  accurate  copy  of  the  seal. 

J,  And  is  this  the  plan  by  which  the  many  large  electrotypes 
are  obtained  ? 

T.  The  principle  is  the  same,  but  modified  according  to  cir- 
cumstances. When  you  were  last  at  the  Museum  of  Economic 
Greology,  you  saw  the  large  casts  of  Alexander*8  triumph,  which 
I  prepared  for  that  institution.  They  are  two  feet  wide,  by 
two  or  three  long.  This  was  my  plan :  a  large  strong  flat 
wooden  trough,  containing  upwards  of  100  gallons  of  sulphate 
of  copper,  was  prepared ;  a  plaster-mould  of  the  object  was 
provided  with  a  metallic  surface,  and  well  black-leaded.  This 
was  sunk  in  the  trough,  face  upward,  and  was  connected  by  a 
wire  with  the  negative  end  of  a  voltaic  battery.  A  large  shieet 
of  copper  was  suspended  oyer  this,  and  was  connected  with  the 
positive  end  of  the  battery ;  the  battery  was  kept  in  action  for 
a  few  weeks,  and  the  cast  was  then  broken  away. 

J.  But  the  battery  must  have  had  enormous  power  ? 

T.  Not  at  all :  it  consisted  of  only  two  cells ;  the  metals 
were  zinc,  and  rough  copper,  each  presenting  a  surface  of  about 
six  square  feet ;  the  liquid  was  acid  water. 

C,  I  now  see  how  electro-plating  must  be  done  :  for  if  some 
solution  of  silver  were  used  instead  of  copper,  the  deposit  would 
be  of  silver,  of  course  ;  and  so  with  other  metals. 

T.  Yes :  and  the  whole  art  of  electro-metallurgy,  or  working 
in  metals  by  electricity,  consists  in  making  a  good  selection  of 
solutions,  and  carefully  adjusting  the  power  of  the  battery  to 
the  work  to  be  done. 
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'  J.  What  was  the  large  sheet  of  copper  for,  in  your  great  ex- 
periment ? 

T.  Of  course,  in  proportion  as  copper  is  released  from  the 
trough,  and  deposited  upon  the  mould,  the  solution  becomes 
weaker ;  but  you  remember  I  just  now  told  you  that,  in  cases  of 
electro-chemical  decomposition,  the  oxygen  does  not  appear  at 
the  copper  surface,  but  combines  with  the  metal,  and  produces 
an  oxide. 

J,  Oh  I  I  see :  and  while  copper  is  taken  out  of  the  solution  at 
the  mould,  it  is  taken  in  at  the  copper  surface,  and  so  the  strength 
of  the  solution  is  not  diminished. 

T,  You  are  right ;  and  this  leads  me  to  speak  of  electro-etching. 
You  can  readily  imagine  that  if  one  half  of  the  copper  plate  had 
been  varnished  over,  that  part  would  have  been  protected  from 
the  oxygen,  and  would  not  have  dissolved.  Now,  by  first  cover- 
ing the  whole  plate  with  varnish,  and  then  tracing  any  design 
through  to  the  copper,  the  oxygen  would  only  attack  the  exposed 
parts,  and  so  etch  out  a  design.  For  the  various  details  con- 
nected with  Electrotype  Manipulation,  I  must  refer  you  to  the 
printed  manuals. 

C  Is  not  the  operation  of  the  battery  very  powerful  ? 

T»  The  spark  from  a  voltaic  battery  acts  with  wonderful  ac- 
tivity upon  all  inflammable  bodies  ;  and  experiments  made  in  a 
dark  room,  upon  gunpowder,  charcoal,  metallic  wire,  and  metallic 
leaves,  &c.  may  be  rendered  very  amusing. 

«/*.  Has  not  the  voltaic  battery  been  applied  to  the  decompo- 
sition of  certain  substances,  that  were  formerly  supposed  to  be 
simple  bodies  ? 

T,  Sir  Humphrey  Davy,  by  means  of  a  very  powerful  bat- 
tery, was  enabled  to  decompose  the  alkalies,  many  of  the 
earths ;  also  the  boracic,  fluoric,  and  muriatic  acids.  His  first 
experiments  were  on  potash  and  soda,  which,  instead  of  being 
simple  bodies,  are  found  to  ccmsist  of  certain  metallic  substances 
and  oxygen. —  See  "  Dialogues  on  Chemistry." 

C.  Did  he  decompose  these  substances  by  placing  them  within 
the  circuit  of  the  voltaic  fluid  ? 

T,  He  did ;  in  a  manner  very  similar  to  what  you  have  seen 
in  the  experiments  with  the  apparatus.  The  alkalies,  &c.  were 
placed  on  the  glass,  and  the  two  wires  brought  from  the  positive 
and  negative  ends  of  the  battery. 

J,  Did  the  wires  partake  of  the  like  properties  with  the  two 
ends  of  the  battery  ? 

T.  They  did ;  one  wire  was  positive,  and  the  other  negative. 
It  was  then  found,  afler  the  action  of  the  battery,  that  of  the  two 
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fobitMicei  of  winch  Uie  alk«li  ww  compcmd,  one  nmfomilj  went 
to  the  potittYe,  tnd  the  other  to  the  negstire  wire. 

C,  You  Mid  the  alkali  was  disoorerod  to  coiwift  9^  a  mtkd 
and  oxygen  ;  which  of  theie  united  with  the  posi^e,  md  which 
with  the  negatire  wire  ? 

T.  The  oxjgen  waf  fonnd  at  the  end  of  thepontiTe  wire,  and 
the  metal  at  tlw  negatire  end. 

C,  I  notice  that  ox jgen  and  hjdrogen  alwarf  appear  in  the 
fame  placet.  If  there  a  conttant  regnlaritj  in  the  appearance  d 
other  Dodief  ? 

T,  If  an  electric  current  if  patning  through  a  folution,  the 
rule  if,  that  oxj^en,  chlorine,  iorline,  bromine,  fluorine,  cjan- 
ogen,  and  the  acidf  are  liberateil  where  the  current  entera  the 
folution ;  and  that  hjdrogen,  the  metalu,  and  the  alkalies  are 
liberated  where  the  current  learet  the  folution :  alfo,  that,  in 
mixe<l  fr)lutionf,  the  elementf  are  liberated  according  to  a  cer- 
tain known  order ;  af,  for  instance,  hjdrogen  if  releafed  fooner 
than  zinc,  and  zinc  sooner  than  gold. 

C  Do  chemical  qualitiet  depend  on  electrical  powerf  ? 

T,  Tlic;jr  arc  seen,  as  far  as  experimentf  hare  gone,  to  coincide 
with  certain  electrical  states  of  oodies  in  genenu.  Acids,  aa  we 
have  observed,  go  to  the  positive  pole ;  alkalies,  to  the  negative. 
Inflammflblc  bodies  go  to  the  negative ;  and  are  all  found  to  lose 
the  peculiar  propertief  and  power  of  combination,  bj  a  change 
of  their  ch^ctrical  states. 

A  remarkable  application  of  electro-chemical  decomnoaition 
occurs  in  certain  K»rms  of  the  electric  telegraph ;  of  which  the 
mcMt  successful  is  Bain*s  chemical  printing  telegraph.  Paper  ia 
dipped  in  a  solution  that  is  easily  decomposed  br  voltaic  elec- 
tricity ;  and  is  made  to  move  by  clock-work  in  front  of  a  point 
from  which  the  telegraph  current  passes  through  the  paper,  in 
order  to  complete  its  loumey ;  as  it  passes  it  decomposea  the 
rK|uid,  and  makes  a  coloured  mark.  If  it  passes  for  a  moment 
this  mark  is  a  dot ;  if  for  a  little  longer,  the  mark  is  a  lonjg  dot 
or  line.  The  alphabet  is  constructed  fVom  a  combination  of 
these  <lots.  A  is  one  dot  and  one  line ;  B,  three  lines ;  C,  Ihret 
dots,  and  so  on^ 

CONVERSATION  IV, 

Miecellaneoue  JExperiments. 

T.  Tlie  discoveries  of  Galvani  were  made  principally  with 
i/ead  frou% :  fVom  bit  experimentf,  and  many  others  that  have 
U'on  mode  f  inct  hit  timet  *^^  a^BiV^vti  ^ScaX  ^^^  tienau  of  antma/« 
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may  be  affected  by  smaller  quantities  of  electri<»ty  than  any  ^ 
other  substances  with  which  we  are  acquainted.    Hence  limM 
of  animab  properly  prepared  have  been  much  employed  for 
ascertaining  the  presence  of  voltaic  electricity. 

C  What  is  the  method  of  pr^aration  ? 

T,  I  have  been  cautious  in  mentioning  experiments  on  animals, 
lest  they  should  lead  you  to  trifle  with  their  feelings :  I  must, 
however,  to  render  the  subject  more  complete,  tell  you  what  has 
been  done. 

The  muscles,  that  is,  the  flesh,  of  a  frog  lately  dead  and  skinned 
may  be  brought  into  action  by  means  of  very  small  quantities 
of  common  electricity. 

If  the  leg  of  a  frog  recently  dead  be  prepared,  that  is,  sepa- 
rated from  the  rest  of  the  body,  having  a  small  portion  of  the 
spine  attached  to  it,  and  the  nerves  exposed,  and  so  situated  that 
a  little  electricity  may  pass  through  them,  then  the  leg  will  be 
instantly  affected  with  a  kind  of  spasmodic  contraction,  some* 
times  so  strong  as  to  jump  a  considerable  distance. 
^  It  is  now  known  that  similar  effects  may  be  produced  in  the 
limb  thus  prepared,  by  only  making  a  commumcation  between 
the  nerves  and  the  muscles  by  a  conducting  substance.  Thus, 
in  an  animal  recentlv  dead,  if  a  nerve  be  detached  from  the  sur- 
rounding parts,  and  the  coverings  be  removed  from  over  the 
muscles  wkich  depend  on  that  nerve,  and  if  a  piece  of  metal,  as 
a  wire,  touch  the  nerve  with  one  extremity,  and  the  muscle  with 
the  other,  the  limb  will  be  convulsed. 

C  Is  it  necessary  that  the  communication  between  the  nerve 
and  the  muscle  should  be  made  with  a  conducting  substance  ? 

T,  Yes,  it  is :  for  if  sealing-wax,  fflass,  &c  be  used,  instead 
of  metals,  no  motion  wiU  be  produced. 

If  part  of  a  nerve  of  a  prepared  limb  be  wrapped  up  in  a  slip 
of  tinfoil,  or  be  laid  on  a  piece  of  zinc,  and  a  piece  of  silver  be 
laid  with  one  end  upon  the  muscle,  and  with  the  other  on  the 
tin  or  zinc,  the  motion  of  the  limb  will  be  very  violent. 

Here  are  two  wine-glasses,  almost  full  of  water,  and  so  near 
«ach  other,  as  barely  not  to  touch.  I  put  the  prepared  limb  of 
the  frog  into  one  glass,  and  lay  the  nerve,  which  is  wrapped  up 
in  tinfoil,  over  the  edges  of  the  two  glasses,  so  that  the  tin  may 
touch  the  water  of  the  class  in  which  the  limb  is  not.  If  I  now 
form  a  communication  between  the  water  in  the  two  glasses,  by 
means  of  silver,  as  a  pair  of  sugar-tonss,  or  put  the  fingers  of 
one  hand  into  the  water  of  the  elass  £at  contains  the  leg,  and 
hold  the  piece  of  silver  in  the  oUier,  so  as  to  touch  the  coating 
of  the  nerves  with  it»  tibe  limb  will  be  immediately  exoitedf  and 
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sometimes,  when  the  experiment  is  well  made,  the  leg  will  even* 
jump  out  of  the  glass. 

J,  It  is  very  surprising  that  such  kind  of  motions  should  be 
])ro<luced  in  dead  animals. 

T.  lliey  may  be  excited  also  in  living  ones :  if  a  live  frog  be 
placed  on  a  plate  of  zinc,  having  a  slip  of  tinfoil  upon  its  back, 
and  a  communication  be  mode  between  the  zinc  and  tinfoil,  by  a 
piece  of  metal,  as  silver,  the  same  kind  of  contraction  will  take 
])lace. 

C  Can  this  experiment  be  made  without  injury  to  the  animal? 

T,  Yes ;  and  so  may  the  following :  I  take  a  live  flounder,  and 
dry  it  with  a  cloth,  and  then  put  it  on  a  pewter  plate,  or  upon  a 
large  piece  of  tinfoil,  and  place  a  piece  of  silver  on  its  back ;  I 
now  make  a  communication  between  the  metals  with  any  con*. 
ducting  substance,  and  you  see  the  contractions,  and  the  fish*s. 
uneasiness.    The  fish  may  now  be  replaced  in  the  water. 

I  place  this  leech  on  a  crown  piece,  and  then,  in  its  endeavour 
to  move  away,  let  it  touch  a  piece  of  zinc  with  its  mouth,  and 
you  will  see  it  instantly  recoil,  as  if  in  great  pain :  the  same  thing 
may  be  done  with  a  worm. 

It  is  believed  that  all  animals,  whether  small  or  great,  may  be 
affected  in  some  such  manner  by  voltaic  electricity,  though  in 
different  degrees. 

M.  Matteucci  has  added  much  to  our  knowled^  of  electro*. 
physiology.  You  may  remember  that,  in  voltaic  electricity^ 
11  certain  chemical  action  always  takes  place,  and  this,  by  the 
soundest  philosophers,  is  believed  to  be  the  cause  of  the  elec- 
trical action ;  and  it  is  shown  that,  in  all  cases  of  chemical  action^ 
there  is  a  correspondent  amount  of  electrical  action,  which  by 
proper  arrangement  may  be  rendered  manifest.  Now,  the 
muscles  of  animals  ore  produced  by  certain  chemical  actions,  by 
which  the  food  enters  into  new  combinations. 

C.  Yes,  undoubtedly ;  but  you  do  not  surely  mean  to  say  that 
a  certain  amount  of  electricity  is  produced  P 

7\  I  do :  and  if  pieces  of  flesh  are  properly  arranged,  the  elec- 
tricity may  be  obtained.  On  account  of  the  great  tenacity  of 
life  in  frogs,  it  is  best  shown  in  these  animals.  Several  ftom^  are 
killed ;  and  the  skin  being  removed  from  their  legs,  sevenu  legs 
from  the  knee  upwards  are  collected,  and  placed  in  order  one 
against  the  other,  like  so  many  zincs  and  coppers  in  an  ordinary 
voltaic  pile ;  and  then,  by  applying  proper  apparatus,  a  current 
of  electricity  can  be  collected. 

C  Well,  this  is  curious ;  and  have  we  currents  of  electricity 
in  the  same  way  ?  / 

T.  Yes,  indeed  we  have ;  but  as  human  flesh  is  not  so  tena^ 


EXPERIMENTS  471 

cious  of  life  as  frog*8  flesh,  an  opportunity  does  not  oflen  occur 
to  test  this.  But  unfortunately,  or,  perhaps,  for  his  sake  we 
should  say  fortunately,  Matteucci  receiyed  a  yiolent  kick  from  a 
horse,  which  laid  bare  the  muscles  of  his  leg :  instead  of  at  once 
allowing  the  surgeon  to  dress  the  wound,  he  experimented  upon 
the  bare  flesh,  and  discoyered  that  human  muscle  produced  an 
electric  eflect. 

C,  And  pray,  sir,  how  did  he  test  the  presence  of  electricity  ? 

T.  By  means  of  a  galvanoscopic  frog,  that  is  to  say,  a  frog*s 
leg  with  a  piece  of  the  nerye  hanging  exposed ;  on  allowing  tne 
nenre  to  touch  the  inside  and  the  outside  of  the  wound,  the  limb 
of  the  frog  contracted  yiolently.  It  is  a  rule,  that  if  a  current 
of  electricity  passes  along  a  part  of  a  nerye,  the  whole  of  the 
nenre  is  excited,  and  the  member  to  which  the  nerye  belongs  is 
contracted. 

C.  I  am  afraid,  then,  that  we  shall  neyer  haye  an  opportunity 
of  seeing  that  the  human  body  is  a  generator  of  electricity,  it' 
this  is  the  mode  of  showing  it. 

T.  The  fact  has  been  demonstrated  in  another  form  by 
M.  Du  Bois  Raymond.  He  places  the  fore^finger  of  each  hand 
into  a  yessel  of  water,  the  yessels  being  in  connection  with  a 
delicate  instrument,  which  will  indicate  the  presence  of  yery 
minute  quantities  of  electricity,  should  such  be  produced.  He 
then  strongly  contracts  all  the  muscles  of  one  of  his  arms,  and 
the  needle  of  the  instrument  immediately  indicates  the  presence 
of  a  current  moying  from  the  hand  to  the  shoulder  of  the  arm 
that  has  been  contracted.  The  current  is  extremely  feeble,  and 
is  less  with  persons  of  small  muscular  power,  and  is  less  also  with 
the  left  arm  than  with  the  right ;  the  right  arm,  from  use,  being 
the  more  powerful.  When  the  arm  is  at  rest,  there  is  a  current 
in  the  direction  from  the  shoulder  to  the  hand. 

J.  Has  he  discoyered  any  thing  more  respecting  this  electri- 
city that  we  appear  to  generate  within  ourselyes,  and  to  carry 
about  with  us  ? 

T,  He  has  published  a  large  book  on  the  subject,  of  which  an 
abridgment  has  been  made  by  Dr.  Bence  Jones.  He  has  con*, 
eluded  that  the  nenres  and  brain,  as  well  as  the  muscles,  are, 
during  life,  endowed  with  electro-motiye  powers ;  that  from  the 
surface  along  the  length  of  the  muscle,  the  positive  electricity 
is  deriyed,  and  from  the  surface  across  the  muscle,  negative 
electricity  is  deriyed ;  that  every  minute  particle  of  muscle  or 
nerve  acts  in  like  manner  to  the  whole ;  that  the  electricity  we 
collect  by  due  contriyanoes,  is  a  yery  minute  portion  of  incom- 
parably more  intense  currents  circulating  around  the  ultimate 
{^articles  of  the  muscles  and  nenres;  that  this  power  lasts  titer 
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death,  as  long  as  the  muscular  or  neirous  excitability  endures ; 
that  the  electro-motive  power  is  in  proportion  to  the  mechanical 

Sowers  of  the  muscle ;  that  the  natural  current  of  muscles  un« 
ergocs  a  negative  change  during  the  act  of  contraction,  but  it 
is  not  clear  whether  it  diminishes,  vanishes,  or  changes  in  its 
direction.  He  has  declared  other  facts,  to  which  I  need  not 
now  refer. 

By  the  knowledge  already  obtained  in  this  science,  the  fol« 
lowing  facts  are  readily  explained. 

Pure  mercury  retains  its  metallic  splendour  during  a  lon^ 
time :  but  its  amalgam  with  any  other  metal  is  soon  tarnished  or 
oxidated :  the  two  metals  and  the  moisture  of  the  atmosphere 
constituting  a  vdtaic  circuit,  in  which  one  of  the  metals  is  acted 
upon,  as  you  saw  the  copper  wire  by  which  the  electridty  en- 
tered an  acid  solution. 

Ancient  inscriptions  engraved  upon  pure  lead  are  preserved 
to  this  day,  whereas  some  metals  composed  of  lead  and  tin,  of 
no  ^eat  antiquity,  are  very  much  corroded,  for  the  same  reason. 

Works  of  metal,  whose  parts  are  soldered  together  by  the  in- 
terposition of  other  metals,  soon  oxidate  about  the  parts  where 
the  different  metals  are  joined.  And  there  are  persons  who 
profess  to  find  out  seams  in  brass  and  copper  vessels  by  the  tongue 
which  the  eye  cannot  discover ;  and  they  can,  by  this  means, 
distinguish  the  base  mixtures  which  abound  in  gold  and  silyer 
trinkets. 

When  the  copper  sheeting  of  ships  is  fastened  on  by  meani> 
of  iron  nails,  those  nails,  but  particularly  the  copper  itself^  are 
very  quickly  corroded  about  the  place  of  contact. 

A  piece  of  zinc  may  be  kept  in  water  a  long  time,  with 
scarcely  any  oxidation ;  but  the  oxidation  takes  place  very  soon 
if  a  piece  of  silver  touch  the  zinc,  while  standing  in  the  water. 

If  a  cup  made  of  zinc  or  tin  be  filled  with  water,  and  placed 
upon  a  silver  waiter,  and  the  tip  of  the  tongue  be  applied  to  the 
water,  it  is  found  to  be  insipid ;  but  if  the  cup  be  held  in  the 
hand,  which  is  well  moistened  wiUi  water,  and  the  tongue  implied 
as  before,  an  acid  taste  will  be  perceived. 

C.  Is  that  owing  to  the  circuit  being  made  complete  by  the> 
wet  hand  ? 

T,  It  is.  Another  experiment  of  a  similar  kind  is  the  follow- 
ing :  If  a  tin  basin  be  filled  with  soap-suds,  lime-water,  or  a 
strong  ley,  and  then  the  basin  be  held  m  both  hands,  moistened 
with  pure  water,  while  the  tongue  is  applied  to  the  fluid  in  the 
basin,  an  acid  taste  will  be  sensibly  perceived,  though  the  liquor 
is  alkaline. 

From  the  voltaic  experiments,  of  which  I  have  thus  presented 
/on  with  a  short  aocount)  U  \kA&\>eexi  Vix^«ct«dL\ 
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Ist.  That  Yoltaism  has  all  the  properties  of  ordinary  elec- 
tricity. 

2d.  That  it  is  produced  by  the  chemical  action  of  bodies  upon 
each  other. 

3d.  That  the  oxidation  of  metals  produces  it  in  great  quan* 
titles. 

4th.  That  it  is  conducted  by  the  same  substances  as  common 
electricity. 

5th.  That  the  electricity  produced  by  the  torpedo  and  gym* 
notus,  as  well  as  that  derived  from  living  animal  tissues  gen  e- 
rally,  is  identical  with  all  other  electricity. 


CONVERSATION  V. 


ON  ELECTBO-MAGNETISM. 


T*  At  the  end  of  the  Conversations  on  Maspetism  I  promised 
to  give  some  farther  account  of  the  recent  discoveries  tending 
to  establish  a  connection  between  voltaic  electricity  and  mag- 
netism.   I  may  now  redeem  that  pledge. 

Some  years  ago  several  philosophers  attempted  to  influence 
the  magnetic  neeile,  by  placing  it  in  the  open  galvanic  circuit ; 
but  no  effect]  was  perceptible.  Mr.  Oersted,  secretary  to  the 
Royal  Society  of  Copenhagen,  however,  repeated  the  experiment 
when  the  galvanic  circle  was  complete  ;  and  immediately  found 
that  the  magnetic  needle,  when  placed  near,  was  moveid  firom 
its  position. 

J,  And  this  is  electro-magnetism  ? 

T.  And  the  general  expression  for  the  effects,  is  that  an  elec- 
tric current  wiU  make  a  magnetic  needle  place  itself  at  right 
angles  to  the  said  current ;  and  a  magnet  will  make  an  electric 
current  rest  at  right  angles. 

C  And  will  not  ordinary  electricity  produce  a  similar  effect? 

T.  Yes ;  if  you  so  modify  it  as  that  it  shall  take  the  current 
form,  which  can  be  managed  by  proper  contrivance;  always 
bearing  in  mind  that  a  current  or  completion  of  the  electric 
circuit  is  nece^ary. 

C  Of  course  the  direction  in  which  the  needle  moves  must 
be  reguUted  according  to  fixed  laws  ? 

T,  Yes :  place  this  compass-needle  on  the  table  before  you  so 
that  the  north  end  of  the  needle  shall  point  toward  you ;  and  if 
you  then  imagine  an  electric  current  flowing  down  you,  fi*om  the 
nead  to  the  feet,  the  north  end  of  the  needle  would  move  toward 
the  right.    By  this  iimi^e  rule  you  may  always  detAiiaa&s^  'NSb^ 
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direction  a  needle  would  take  under  all  eircumstances.  If,  fat 
instance,  it  had  been  a  south  end  at  which  you  were  looking,  it 
would  have  moved  to  the  left ;  if  the  current  had  been  flowing 
from  your  feet  upward,  and  the  north  end  had  been  before  you, 
it  would  have  moved  to  the  lefl.  As  the  needle  and  current 
are  nearer  to  each  other,  the  action  is  more  energetic ;  as  it  also 
is  in  proportion  as  the  current  is  ereater. 

J.  You  said  that  a  magnet  would  move  a  current  ? 

T.  Yes  :  if  you  imagine  a  magnet  fixed  with  the  north  end 
toward  the  current,  and  the  current  were  descending,  the  action 
of  the  magnet  would  be  to  move  the  current  to  the  left. 

C  I  suppose  if  a  descending  current  acted  on  the  north  end| 
at  the  same  time  an  ascending  current  acted  on  the  south  end, 
the  effect  would  be  proportionately  increased. 

T.  Yes ;  and  if  you  bend  a  piece  of  wire  into  an  oblong 
quadrangle,  and  suspend  the  needle  within  this  wire,  you  form 
an  arrangement,  in  which  the  opposite  ends  of  the  needle  are 
simultaneously  acted  upon  by  different  parts  of  the  same  cur- 
rent moving  in  relatively  different  directions,  and  the  effect  is 
increased.  This  instrument  is  the  nucleus  of  the  galvanometer. 
The  galvanometer  consists  of  several  convolutions  of  copper 
wire  covered  with  silk  or  cotton,  with  a  compass-needle  sus- 
pended within;  it  is  furnished  with  a  circular  card,  divided 
mto  degrees ;  and  the  number  of  degrees  to  which  the  needle 
is  deflected  bears  some  relation  to  the  power  in  motion.  The 
galvanometer  is  variously  arranged,  according  to  the  force  and 
quantity  of  the  current  to  be  measured ;  sometimes  being  made 
of  a  short  piece  of  very  stout  wire,  and  at  other  times  of  an 
immense  quantity  of  very  fine  wire. 

While  describmg  the  galvanometer,  I  must  tell  you  of  one  of 
its  applications  that  is  most  marvellous,  namely,  the  Electric 
Telegraph.  You  are  aware  that  electricity  travels  at  an  enor* 
mous  velocity,  so  that  to  pass  over  a  few  hundred  miles  occu- 
pies literally  no  time  at  all.  A  galvanometer  properly  mounted 
IS  placed,  for  instance,  at  Dover,  and  another  at  London,  and  a 
current  of  electricity  is  sent  along  them  both  at  the  same  time 
by  means  of  wires  properly  erected  between  the  places ;  and 
thus  whatever  deflection  is  produced  on  one  is  produced  on  the 
other.  By  certain  adjustments,  an  ascending  or  a  descending 
current  may  be  sent  at  pleasure  through  these  galvanometerSf 
and  thus  a  left-hand  or  right-hand  movement  of  the  needle  may 
be  obtained.  By  previously  arranging  that  a  certain  motion  or 
motions  one  way  or  the  other  shall  represent  the  respective 
letters  of  the  alpnabet,  correspondence  is  easily  managed.  For 
instance,  two  deflections  to  tl^e  left  represent  A;  three,  B; 
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four,  C ;  one  to  the  right  and  one  to  the  left,  D ;  one  to  the 
right  and  two  to  the  left,  E ;  and  so  on.  Instruments  of  thid- 
kind,  with  yarious  modifications,  the  invention  of  Messrs. 
Cooke  and  VHieatstone,  are  being  extensively  adopted  on  the 
different  railways  in  England  and  on  the  Continent.  So 
wonderfully  rapid  has  been  the  progress  of  the  electric  tele-' 
graph,  that  a  complete  army  of  inventors  have  followed  on 
each  other*s  steps,  and  have  wrested  from  electrical  science 
almost  every  form  in  which  the  force  can  be  made  available* 
Many  of  these  inventions  are  beautifully  ingenious,  but  not 
practical ;  many  are  modifications  or  amplifications  of  previous 
contrivances.  The  whole  of  the  civilised  globe  is  rapidly  be* 
coming  interlaced  with  telegraph  wires ;  and  by  one  of  those 
most  extraordinary  coincidences,  gvtta  percha  was  discovered 
at  the  very  time  when  telegraph  engineers  were  crying  out 
for  something  to  help  them  over  the  difficulties  that  beset  them 
in  their  endeavours  to  obtain  perfect  insulation  under  all 
circumstances.  This  was  soon  followed  by  propositions,  most 
successfully  carried  out,  of  crossing  rivers  and  harbours,  and 
finally  the  British  Channel,  with  wire  covered  with  this  valuable 
insulating  substance,  and  further  protected  from  damage  by 
hempen  and  wire  ropes.  M.  Siemens  in  Prussia,  and  Mr.  C.  V. 
Walker  in  England,  were  the  first  to  use  gutta  percha  wires ; 
the  latter  were  made  at  Streatham  by  Mr.  Forster.  On  the 
Dover  Railway  alone  there  are  nearly  a  hundred  instruments 
distributed  among  the  respective  stations,  which  are  in  unceas* 
ing  activity  throughout  the  whole  of  the  day,  telegraphing  the 
movement  of  every  train,  and  conveying  intelligence  n*om  place 
to  place.  So  familiar,  indeed,  and  so  certain  have  they  be« 
come,  that  a  person  in  London  holds  communication  with 
another  in  Dover  as  familiarly  as  if  they  were  in  the  same 
room. 

C,  This  is  almost  miraculous.  I  saw  the  instrument  in  use 
the  last  time  I  was  at  Tunbridge ;  I  had  left  my  carpet-bag  at 
Dover,  and  in  less  than  five  mmutes  I  learned  that  it  was  all 
safe,  and  was  coming  on  by  the  next  train. 

T,  I  have  already  spoken  of  the  mutual  action  of  magnets  on 
electric  currents ;  I  must  now  tell  you  that  electric  currents  act 
upon  each  other ;  the  rule  being  that  similar  currents  attract^ 
and  dissimilar  repel.  The  complicated  actions  arising  from 
converging  and  diverging,  from  direct  and  circular,  currents  are 
detailed  at  large  in  treatises  on  electro-dynamics. 

J,  But  you  have  not  yet  shown  us  how  the  continued  motion 
is  produced  which  I  see  in  many  pieces  of  apparatus  at  the 
polytechnic  and  elBewhere. 


476  ELECTRO-MAGNETISIC.     ' 

T.  Yoa  noticed  that  a  deflcending  current  made  the  norA 
^d  of  the  needle  move  to  the  right ;  at  the  same  time  it  was 
acting  on  the  south  end,  although  fiirther  removed,  and  caused 
it  to  move  to  the  left.  When  Uiese  two  forces  were  in  eqaiU- 
brio,  the  needle  came  to  rest ;  but  if  there  had  been  no  soudi 
end  to  act  upon,  or  the  force  of  the  current  were  lost  before  it 
could  act  upon  the  south  end,  the  north  end  would  continue 
going  to  the  right,  and  a  constant  motion  would  be  the  result 
imagine  yourself  standing  on  the  sunface  of  a  circular  pond  of 
water,  with  an  electric  current  descending  and  passing  out  of 
jour  feet,  and  diffusing  itself  in  the  water ;  then  imagine  a 
magnet  floated  verticallj  in  the  water  by  a  wooden  float,  so 
that  its  north  end  is  above  the  water.  The  tendency  of  iha 
magnet  would  be  to  move  to  the  right ;  and  if  it  were  properlj 
guided,  you  would  find  it  continue  to  rotate  as  long  as  the  cur- 
rent passed. 

C.  But  why  does  not  the  action  of  the  current  on  the  south 
pole  counteract  this  motion  ? 

T.  Because  thel  current  exists  only  above  the  surface.  On 
the  surface,  it  is  diffused  and  comparatively  lost,  and  the  south 
end  is  too  low  in  the  water  to  feel  the  influence  of  the  current. 
And  now  if  you  examine  all  these  arrangements,  you  will  find 
that  the  current  is  made  to  act  on  one  pole  only  of  the  magnet, 
or  one  pole  only  is  made  to  act  on  the  current.  If  you  keep 
this  one  idea  in  mind,  and  divest  yourself  of  all  complication  of 
ideas,  you  will  readily  be  able  to  analyse  all  these  apparodtiy 
complex  pieces  of  apparatus,  and  will  understand  the  real  prin* 
dple  far  more  readily  than  you  would  were  I  to  harass  you  with 
a  description  of  some  of  the  many  arrangements.  I  ought  to 
tell  you  that  Faraday  was  the  first  to  produce  a  magnetic 
rotation. 

C,  But  I  have  seen  a  little  piece  of  rotating  apparatus, 
which  I  have  heard  you  call  your  Kitchie,  that  does  not  depend 
on  this ;  for  I  have  seen  both  poles  active. 

T.  'Lme ;  this  depends  on  another  property  of  electric  cnr« 
rents.  If  an  electric  current  passes  round  a  piece  of  iron,  the 
iron  becomes  a  magnet  for  the  time  being.  Now  a  wooden  dish, 
divided  into  two  cells  by  a  partition,  is  placed  between  the 
poles  of  a  horse-shoe  magnet ;  a  littie  piece  of  soft  iron,  coated 
with  copper  wire,  is  balanced  on  a  pivot  over  this  dish,  and  the 
two  ends  of  the  wire  dip  into  the  respective  cells  of  mercury, 
which  are  connected  with  the  respective  ends  of  the  battery. 
When  the  current  passes,  the  two  ends  of  the  bit  of  soft  iron 
become  magnetic  poles,  and  move  in  obedience  to  the  attractive 
power  of  the  magnet ;  but  the  momentum  they  acquire  carriet 


ELECTRO-MAGNETISM.  477 

the  ends  of  the*  wire  across  the  partition,  and  as  they  change 
cells,  the  direction  of  the  current  is  altered,  and  the  poles 
change ;  so  that,  instead  of  remaining  at  what  would  have  oeen 
its  place  of  rest,  the  piece  of  iron,  which,  by  the  by,  is  termed 
an  electro-magnet,  is  carried  onwarid,  and  so  we  have  a  continued 
rotation. 

C  Gould  not  this  power  be  employed  for  practical  pur* 
poses? 

T.  It  has  been  applied  on  a  small  scale ;  but  no  arrangement 
has  yet  been  devis^  which  is  sufficiently  sure  and  powerful, 
and  at  the  same  time  economical,  as  to  permit  of  its  oeing  in- 
troduced in  the  arts. 

While  speaking  of  electro-magnets,  I  should  tell  you  that 
this  is  a  mode  in  which  magnetism  is  most  powerfully  developed. 
By  means  of  electric  currents  passing  round  iron,  there  is 
scarcely  any  limit  to  the  magnetic  power.  I  have  seen  an 
electro-magnet  constructed  at  Woolwich,  under  the  direction 
of  Dr.  Faraday,  that  sustained  several  sets  of  fire-irons  with 
great  facility.  There  is  an  electro-magnet  also  that  sustains 
a  room  full  of  people. 

C,  Can  you  tell  us  any  uses  to  which  the  electro-magnet  is 
applied? 

7.  I  might  tell  you  of  several.  Let  me,  however,  refer  to 
the  telegraph  which  I  just  mentioned.  You  may  remember 
that  the  signals  are  given  by  galvanometer-needles;  now  it 
would  not  be  a  very  sure  means  of  gaining  attention,  if  the 
clerk  were  expected  to  keep  his  eye  on  the  needles  until  he 
saw  l^mself  called.  In  this  case  the  ear  is  the  best  attendant : 
a  bell  rings,  for  which  purpose  an  electro-magnet  is  applied  in 
the  following  manner.  A  clock-work  movement  is  constructed, 
which  sets  m  action  the  clapper  of  a  bell ;  the  movement  is 
held  back  by  a  small  detent,  affixed  to  the  keeper  of  an  electro- 
magnet. When  the  keeper  is  attracted  to  the  magnet  the 
detent  is  set  at  liberty :  so  that  the  only  contrivance  necessary 
is  to  provide  a  means  of  conveying  an  electric  current  along  a 
wire  wound  round  the  electro- magnet. 

Many  electric  telegraphs  depend  for  their  action  on  the 
electro-magnet  alone.  Of  this  kind,  Morse*8  American  printing 
telegraph  is  one  remarkable  example ;  and  Breguet*s  telegraph, 
used  by  the  French  government,  is  another.  Current  after 
current  is  sent  along  the  wires  of  Mor8e*s  instrument;  by 
touching  a  key,  an  instantaneous  contact  produces  a  dot,  and, 
if  held  on  a  little,  a  line ;  for  the  keeper  of  the  magnet  carries 
a  point,  which  presses  upon  a  slip  of  paper  that  moves  on. 
The  alphabet  is  made  up  out  of  tne  combination  of  dots  and 


478  electro-magnetism; 

lines ;  one  dot  and  one  line  is  A ;  one  line  and  three  dots,  E 
three  dots,  C ;  one  line  and  two  dots,  D. 

In  Breguets  telegraphy  the  keeper  of  the  electro-maffu 
carries  an  escapement,  which  liberates  a  tooth  of  a  scape-wne 
for  every  movement  {  on  the  same  axis  with  the  wheel  is  tl 
index  ot  the  telegraph.  The  apparatus  is  so  constructed,  thi 
the  index  assumes  eight  difierent  positions  in  its  circle.  Thei 
are  two  needles,  and  the  letters  depend  on  the  relative  positio 
of  the  two: — the  left  needle  vertical  downward,  B;  yertici 
upward,  F :  the  right  needle  vertical  downward,  N ;  yertia 
upward,  I. 

The  electro-magnet  has  been  successfully  applied  by  Mi 
Shepheni  to  maintaining  a  pendulum  in  motion,  and  to  com 
municating  motion  to  a  train  of  wheek ;  and  thus  he  has  pre 
duced  the  electric  clock,  which  sends  automatically  every  hou 
a  time-signal  to  distant  places,  from  the  Rojal  Observatory  a 
Greenwich;  and  which  communicates  motion  simultaneousl; 
to  many  clocks  in  different  parts  of  the  Observatoiy. 

The  pendulum  hangs  independently  of  the  wheels  and  work 
of  the  clock.  At  each  vibration  to  tne  right,  it  touches  a  ligh 
spring,  and  so  enables  an  electric  current  to  circulate  around  i 
piece  of  iron  and  magnetize  it.  It  then  attracts  a  piece  o 
iron,  the  motion  of  which  raises  a  weight ;  the  pendulum,  oi 
vibrating  to  the  left,  releases  the  weight,  which  falls,  and  ii 
falling  gives  the  pendulum  a  plight  tap.  This  feeble  lap  a 
each  alternate  second  keeps  the  pendulum  in  constant  motion. 

C  But  how  can  we  tell  what  a  clock  it  is  from  a  mere  pen 
dulum  ?  ^ 

T.  Besides  the  work  above  mentioned,  other  springs  are  a 
hand,  which  get  touched  at  each  vibration ;  and  thus  electrii 
currents  are  sent  into  electro-magnets,  placed  beneath  mag< 
netized  steel  bars.  The  bars  are  attracted  alternately  in  eithei 
direction,  and  communicate  motion  to  the  wheek. 

C  And  how  are  time-signals  sent  ? 

T.  The  clock-wheels  carry  certain  pins,  which  are  so  ar- 
ranged that,  at  the  end  of  every  hour,  they  press  some  springs 
together,  and  so  cause  an  electric  current  to  flow  along  a  wire 
previously  prepared  for  it.  Twenty-one  times  out  of  the 
twenty-four,  it  is  allowed  to  pass  on  to  the  Electric  Telegraph 
Company*s  wires;  but  at  12  at  noon,  3  p.  m.,  and  4  p.m.,  the  large 
clock  at  the  London  Station  of  the  South-Eastern  Railway 
breaks  this  connection,  and  joins  the  time-wire  to  the  South- 
Eastern  Company*s  iv^ires,  and  the  signal  goes  to  Dover  or  to 
Rochester  as  the  case  may  be. 

At  1  F.  M.,  the  Greenwich  clock  sends  the  current  to  aa 
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electro-magnet,  which  attracts  a  piece  of  iron,  and  so  draws 
the  trigger,  and  causes  the  Great  Ball  to  fall.  The  trigger  also 
makes  contact  with  another  voltaic  battery,  and  sends  a  current 
to  an  electro-magnet  in  the  Strand  which  causes  the  ball  to 
fall  there ;  and  this  ball  in  falling  sets  a  regulator-clock  going, 
which  is  regulated  so  as  to  be  a  second  or  two  too  fast  by  one 
o*clock  each  day.  A  little  catch  stops  this  clock  every  day 
when  itself  indicates  one  o*clock,  and  it  is  every  day  set  free 
when  true  one  o*clock  is,  as  I  have  said,  signalled  from  Green- 
wich. 

This  regulating  clock  makes  a  certain  contact  at  the  last 
second  of  every  minute,  which  causes  an  electric  current  to 
actuate  an  electro-magnet,  and  liberate  the  wheel  of  the  illu* 
minated  clock  that  stands  in  the  centre  of  the  road-way.  The 
wheel  passes  on  one  notch,  and  shows  time  minutjB  by  minute. 

J»  You  said  a  great  deal  about  induction  when  you  were  de- 
scribing ordinary  electricity ;  is  there  any  induction  in  galvanic 
electricity  ? 

T,  Yes;  if  a  current  is  sent  along  one  wire,  it  induces  a 
current  in  another  wire  placed  near  it;  and  this  secondary 
current,  as  it  is  termed,  is  frequently  employed  in  cases  where 
the  primary  current  would  not  be  convenient.  For  instance, 
it  provides  us  with  a  means  of  obtaining  very  powerful  shocks. 
This  apparatus  is  termed  the  electro-magnetic  coil.  A  coil  of 
thick,  covered  copper  wire  is  wound  round  a  reel ;  and  outside 
this  a  much  greater  len&;th  of  thin  wire  is  wound.  If  the  ends 
of  the  thin  wire  are  placed  in  separate  basins  of  water,  and 
the  hands  be  inmiersea  in  this  water,  a  very  violent  shock  will 
be  felt  every  time  the  battery  current  is  broken  off  from  the 
other  wire,  afler  it  has  entered  it.  The  more  frequently  the 
current  is  broken  off,  the  more  numerous  are  the  shocks,  and 
the  more  violent  is  the  effect.  The  advantage  of  frequent 
breaking  and  making  of  contact  has  given  rise  to  numerous 
pieces  of  apparatus,  most  of  them  self-active,  by  which  this 
effect  is  brought  about.  The  power  of  these  cods  is  greatly 
increased  by  placing  an  iron  rod,  or  still  more,  a  bundle  of  iron 
wires,  in  the  centre. 
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C  As  James  and  I  are  about  to  leave  you  this  week,  we  are 
both  very  anxious  to  learn  anything  further  you  can  teach  uB 
relative  to  electricity  and  magnetbm. 
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T.  We  hftve  already  seen  that  electricity  produces  magnetion. 
I  will  now  tell  you  how  magnetism  will  produce  electricity. 

Dr.  Faraday  took  a  ring  of  iron,  and  wound  two  separate 
lengths  of  covered  wire  over  different  parts ;  and  he  found  that 
when  a  current  was  sent  through  one  wire,  a  current  occurred 
in  the  opposite  direction.  He  conceived,  and  very  truly,  as  he 
iiterwaras  found,  that  the  ma^etism  of  the  iron  produced  the 
current,  just  as  the  current  m  the  other  wire  produced  the 
magnetism.  To  prove  this,  he  took  a  coU  of  wire,  and  om- 
nected  its  ends  with  a  galvanometer ;  he  placed  within  the  eoil 
an  iron  rod ;  and  as  soon  as  this  was  magnetized  a  current  was 
produced  in  the  wire ;  it  moved  in  a  ^ven  direction  at  the  act 
of  making  the  magnet ;  it  ceased  durmg  the  existence  of  the 
magnetism,  and  occurred  in  the  opposite  direction  when  the 
magnets  were  removed. 

He  now  took  the  iron  bar  away,  and  employed  a  cylindrical 
bar  magnet :  when  this  was  introduced  into  the  coil  a  cimrent 
occurred  in  a  given  direction ;  while  it  remained  there  the  current 
ceased,  and  on  its  withdrawal  the  current  occurred  in  the  re- 
Terse  direction.  If  a  wire  cuts  the  magnetic  curves,  or  the 
curves  cut  the  wire,  there  is  a  tendency  to  the  production  of  a 
current.  If,  instead  of  a  wire,  a  plate  of  copper  is  used,  the 
same  general  effect  occurs,  with  this  additional  advantage,  that 
a  succession  of  currents,  or  rather  one  continuous  current,  may 
be  obtained.  The  first  practical  carrying  out  of  this  idea  was 
in  Faraday*s  magneto-electric  machine,  which  consisted  of  a  disc 
of  copper  rotating  with  its  edge  between  the  poles  of  a  powerful 
horsesnoe  magnet.  The  direction  of  the  current  was  mm  the 
centre  to  the  circumference,  or  from  the  circumference  to  the 
centre,  according  to  the  direction  of  the  rotation;  and  the 
electricity  is  collected  by  means  of  wires  applied,  one  to  the 
edge,  the  other  to  the  centre,  of  the  disc. 

C.  Does  this  machine  produce  powerful  effects. 

T.  No ;  but  Saxton  contrived  a  machine,  in  which  coils  of 
wire  were  rotated  in  front  of  a  magnet ;  the  ends  were  properly- 
attached  to  connecting  metals,  so  as  to  direct  the  currents,  and 
violent  shocks  and  brilliant  sparks,  with  all  the  voltaic  effects, 
may  be  obtained.  For  shocks  a  long  coil  of  thin  wire  is  used ; 
for  light,  heat^  and  chemical  decomposition,  a  shorter  length  of 
thin  wire  is  employed.  The  magneto-electric  machine  is  used 
for  some  forms  of  electi'ie  telegraph,  and  also  for  plating  and 
gilding  by  electricity. 

It  is  not  necessary  to  have  magnets  to  produce  these  effects, 
for  they  have  all  been  produced,  though  in  a  less  degree,  by 
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the  native  magnetism  of  the  earth.    The  machine  in  this  case 
has  been  termed  the  magnetO'electro  teUvric  machine. 

J.  I  have  listened  very  patiently  during  our  Conversations  on 
Electricity  to  hear  some  notice  of  Armstrong's  hydro-electric 
machine,  which  produces  such  brilliant  effects  at  the  polytechnic. 

T.  I  am  slad  you  have  reminded  me  of  my  omission ;  for,  iii 
the  many  things  that  I  was  anxious  to  describe  to  you,  I  had 
almost  forgotten  this.  It  consists  of  a  high-pressure  steam- 
boiler,  furnished  with  a  considerable  number  of  escape-tubes 
the  nozzles  of  which  are  lined  with  a  small  cylinder  of  box- 
wood ;  in  front  of  the  tube  is  a  conductor  furnished  with  points 
to  de-electrise  the  steam  as  it  escapes.  It  appears  that  as  the 
steam  escapes,  a  small  portion  of  it  is  condensed  into  little 
particles  ot  water :  the  uncondensed,  as'  it  escapes,  rubs  these 
water-particles  against  the  box-wood,  and  the  effect  is  exactly 
the  same  as  rubbmg  the  glass  cylinder  of  the  ordinary  electrical 
machine  against  the  cushion ;  a  prodigious  quantity  of  frictional 
electricity  is  produced;  and  the  sparks  collected  from  the 
boiler  exceed  in  bulk  and  tension  any  that  have  been  collected 
by  other  means. 

J,  You  placed  the  word  thermo'electricity  at  the  head  of  this 
Conversation. 

T.  Yes ;  this  is  electricity  produced  by  the  motion  of  heat 
among  the  particles  of  certain  metals.  Mr.  Seebeck  discovered 
that  a  bar  of  antimony,  differently  heated  in  opposite  parts, 
cave  a  current  if  these  parts  were  metallically  connected.  But 
if  a  piece  of  bismuth  is  soldered  to  a  piece  of  antimony,  and 
heat  be  applied,  the  effect  is  very  marked.  Such  an  arrange- 
ment is  termed  a  thermo-electric  pair :  several  of  these  pairs 
combined  b  termed  a  thermo-electric  pile. 

C  Will  these  piles  give  shocks  and  sparks  ? 

T,  No,  not  directly ;  they  will,  by  the  intervention  of  a  coil 
of  copper  riband.  But  they  constitute  the  most  delicate  indi- 
cators of  small  quantities  of  heat  that  ai*e  known :  some  measure 
nearly  to  the  hundredth  part  of  a  degree.  If  a  pile  is  exposed 
to  radiation  from  the  human  body,  though  at  several  yards  dis- 
tance, the  heat  affects  it :  an  insect  resting  on  it  will  also  be 
indicated.  And  lately  it  has  been  employed  successfully  in  prov- 
ing that  the  moon  possesses  heat.  Delicate  thermo-pairs  have 
been  used  to  obtain  the  temperature  of  the  human  body,  by 
being  thrust  into  the  arm.  The  temperature  of  plants  and 
flowers  has  been  measured.  And  to  conclude  with  a  sort  of 
anti-climax  to  the  many  heat-producing  effects  of  electricity, 
the  thermo-electric  apparatus  has  been  employed  to  prove  a 
case  in  which  electricity  produces  cold :  as  when  a  vex^  ^^^^^^^ 

1 1 


482  THERMO-ELECTRICITY, 

current  pastes  the  junction  of  bismuth  and  antimony.  And  now, 
my  dear  bovs,  I  must  bid  you  farewelL  You  must  not  leave 
me  under  tne  idea  that  you  are  well  acquainted  with  physical 
science.  All  we  have  done  is  just  to  take  a  peep  here  and  a 
glance  there.  We  have  trodden  over  the  first  parts  of  several 
branches  of  physics ;  we  have  looked  at  the  leading  features ; 
and  I  trust  you  have  seen  and  heard  enough  to  induce  you  to 
make  yourselves  better  acquainted  with  these  subjects.  I  have 
felt  more  than  ordinary  interest  in  talking  with  you,  because  I 
could  see  in  you  a  laudable  desire  to  learn. 

C.  We  are  both  very  much  indebted  to  you  for  your  kindness^ 
•and  very  greatly  regret  that  the  arrangements  which  papa  h^ 
made  for  us  will  not  permit  of  our  renewing  these  agreeable 
meetings. 

J,  For  my  part,  sir,  I  can  never  be  sufficiently  grateful  to  you 
/or  the  pains  you  have  taken  in  instructing  us. 
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Absorb,  to  drink  in. 

Acceleration,  a  body  moving  faster  ftnd  faster.. 

Action  and  reaction,  equal  and  contrary,  p.  35.    Curious  instance  of, 

36. 
Adhesion,  a  sticking  together. 
Air,  a  fluid,  the  pressure  o£  which  is  very  great,  its  natuse  and  uses,,. 

213.    Its  pressure,  experiments  on,  218 — 226.    Its  weight,  now 

proved,<227.  Its  elasticity,  229 — 232.  Its  compression,  232 — ^235. 

Necessary  to  sound,  222.    Vehicle  of  heat  and  moisture,  Ap- 
pendix to  Pneumatics,  2d9. 
Air-gas,  structure  of,  explained,  239. 
Air-pump,  described,  215.    Its  structure  explained,  ib.  Experiments 

on,  218.  222—241. 
Alcohol,  ardent  spirit ;  eqiial  parts  of  alcohol  and  water  make  spirits 

of  wine. 
Alkaline,  a  saline  taste. 
Alloys,  specific  gravity  of,  183. 
Altitudes,  measured  by  the  barometer,  278v 
Anamorphoses,  distorted  images  of  bodies,  337. 
Ancients,  their  mode  of  describing  the  constellations,  BT* 
Anemometer,  256. 
Aneroid  Barometer,  283. 
Angle,  what  it  is,  2.    How  explained,  ib,    Kight,  obtuse,  acute,  ib,. 

How  ealled,  3. 
Animals,  all  kinds  of,  affected  by  galvanism,  455. 
Aperture,  a  small  hole. 

Aphelion,  the  greatest  distance  of  a  planet  from  the  sun. 
Apogee,  the  sun's  or  moon's  greatest  distance  from  the  eartlL. 
Aqtrafortis,  of  what  composed,  4* 
Archimedes,  proposed  to  move,  the  earth,  38*.    Some  account  of,.  182. 

His  inventions,  ib.    His  burning  mirrors,  328. 
Arrow,  to  find  the  height  to  which  it  ascends,  20. 
Asteroids,  nineteen  new,  129. 
Atmosphere,  height  of,  278.    Pressure  of,,  on  the  earth,  28  L     Thd- 

effect  of,  313.    Light  refracted  by,  321. 
Atmospheric  railway,  225. 
Attraction,  the  tendency  which  sotne  parts  of  matter  have  to  unite. 

with  others. 
■  ,  capillary,  what  meant  by,  9.  .  Blostratedy  ib%.  . 
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Attraction  and  repulsion,  electrical,  405. ;  magnetic,  &c.,  889. 
Aurora  borealis,  Tulgarly  called  the  northern  lights.     Imitated^  444. 

A  curious  one  described,  463. 
Bailey's  beads,  109. 
Balance,  hydroststica],  described,  175. 
Balances,  false,  how  detected,  43. 
Ball,  why  easily  rolled,  38.     Scioptric,  its  effect,  319. 
Barometer,  explained,  272.  Its  construction,  ib.   Standard  altitude  oS, 

273.    Variation  of,  i6.     To  measure  altitudes  with,  278. 
Barometric  obsenrations,  corrected,  276. 
Battery,  electrical,  described,  427,    Experiments  on,  ib.    Voltaic 

battery,  458. 
Bellows,  hydrostatical,  159. 
Binocular  vision,  342. 

Birds,  how  they  support  themselves  in  the  air,  31. 
Bissextile,  the  meaning  of  the  word,  100. 
Bodks,  heayenly,  why  they  more  in  a  cnryed  path,  33.     Hie  latitude 

o^  76.    Elastic  and  non-ehistic,  illustratiye  of  the  third  law  of 

motion.    Weight  of,  diminished  as  the  distance  from  the  centre 

of  the  earth  is  increased,  11.     Tlieb*  vis  inertise,  27.    Falling,  the 

law  of  their  Telocity,  21.     Sonorous,  elastic,  242. 
Body,  moving  one,  whiU  compels  it  to  stop,  27. 
Boyle,  Mr.,  £«t  saw  the  electrical  light,  404. 
Bride's  (St)  church,  damaged  by  li^tning,  439. 
Bucket,  how  suspended  on  the  edge  of  a  table,  26. 
Buffon,  M.,  his  experiments,  328. 
Bullets,  leaden,  how  made  to  cohere,  7. 
Burning  lenses,  315. 
Camera  lucida,  373. 

obscura,  369. 

Cannon,  the  sound  o^  242. 

Capillary  attraction,  fluids  attracted  above  theur  level  hy  tabes  as 

small  as  a  hair. 
Cardinal  points,  how  distinguished,  67. 
Catoptrics,  the  science  of  r^ected  light. 
Cavallo,  Mr.,  his  electrical  experiments,  439. 
Cements,  10. 
Centre  of  gravity,  the  point  of  a  body  on  which,  when  suspended,  it 

will  rest,  21.    Between  the  earth  and  sun,  89.    How  applicable 

to  the  common  actions  of  life,  24. 
Centrifugal  force  is  the  tendency  which  a  body  has  to  fly  oflT  in  a 

straight  line. 
Centripetal  force  is  the  tendency  which  a  body  has  to  another  about 

which  it  revolves. 
Circles,  galvanic,  what,  456.   First  order,  461.  Second  order,  ib.  The 

most  powerful,  463. 
Clepsydra,  principle  of,  explained,  165. 
Climates,  how  improved,  299.  .      . 
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Clocks  and  dials,  why  they  do  not  agree  in  the  measure  of  time,  74. 97. 

Clock-moyement,  61. 

Chain-pomp,  211. 

Cohesion,  attraction  of,  6.  How  defined,  ib.  Instances,  ib.  Its  force,  7. 
How  overcome,  ib.    Instances  o(  ib. 

Coinmg,  apparatus  for,  referred  to.  69. 

Cold,  299. 

Colours,  the  cause  of,  323. 

Comets,  in  what  respects  they  resemble  planets,  134.   The  beat  of  one 
calculated,  ib.    Parts  of  comets,  136. 

Compression,  the  act  of  squeezing  together. 

Concave  Lenses,  320. 
-^— ^  Mirrors,  317.  328.    Experiment  with  two,  439. 

Condensation,  the  act  of  bringing  the  parts  of  matter  together. 

Conductors,  dectrical,  what  meant  by,  405.    Table  o^  407.    Perfect 
and  fanperfect,  ib. 

Cone,  double,  why  it  rolls  up  an  inclined  plane,  25. 

Conical  pendulum,  61. 

Conjunction,  planets  when  in,  moon  when,  103. 

Contact,  touching. 

Converge,  to  draw  towards  a  point 

Convex  Mirrors,  332,  333. 

Cookery,  some  operations  of,  how  accounted  for,  8. 

Corona  of  sun,  108. 

Crane,  the  principle  of  a,  48.    One  invented  by  Mr.  White,  51.   IMS- 
tiller's,  described,  186. 

Cupping,  the  operation  of,  explained,  215. 

Cups,  hemispherical,  experiments  on,  224. 

Cylinder,  how^ade  to  roll  up  a  hill,  26. 

Daguerreotype,  384. 

Dancers,  rope  or  wire,  how  they  balance  themselves,  25. 

Dancing  figures,  electrical,  417. 

Davy  (Sir  Humphry),  his  application  of  voltaism  to  chemistry,  467. 

Day,  astronomical,  when  begins,  75,    The  diffBxence  between  the 
solf^r  and  sidereal,  96. 

Day  and  night,  how  explained,  85. 

bays  and  nights,  why  of  different  lengths,  87.    To  whom  always 
equal,  89. 

Deception,  optical,  65.    In  feeling,  t&. 

Deceptions,  on  the  public,  by  short  weights,  how  detected,  43.    Oc- 
casioned by  swift  motions,  83.    Optical,  dlL  313.  334,  &c 

DeeUnation  of  the  sun,  74.    Of  the  moon,  75. 

Degrees,  how  subdivided,  73. 

Delaval,  Mr.,  his  experiments  on  colours,  324. 

Density,  compactness.    Constitutes  specific  gravity,  173. 

Dew,  299. 

Diagonal,  the  lines  which  join  the  opposite  cornen  of  a  square  or 
oidier  right-lhied  figure 
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Diamagnetics,  898. 

Digester,  used  for  making  soups,  8.  ' 

Dipping  of  the  needle  of  the  compass,  396. 

Direction,  line  of,  how  defined,  28.    Most  be  within  the  base  of  i 

body  that  stands  secure,  ib, 
Discharging-rod,  421.  *  ' 

Dissolving  views,  371. 
Distance  measured  by  sound,  242. 
Diver's  bell  described,  197.    How  used,  199.    Smeaton's  improve^ 

ment  on,  200.    Walker's  improvements  on,  20 1.    Anecdote  o(  ib. 
Diverge,  to  spread  out. 
Diving-boat,  203. 
Diving-cylinders,  201. 
Double  refraction,  373. 

Drowning,  the  danger  of,  to  inexperienced  persons,  191.  ' 

Earth,  centre  of,  why  bodies  move  to  it,  12.    Why  not  apparently 

moved,  14.    Its  shape,  17.    Its  diurnal  motion,  82 — 85.     The 

velocity  of  its  motion,  83.    When  its  motion  is  quickest,  99. 

No  argument  against  its  motion  because  not  apparent,  83.    IM 

magnitude,  85.    Its  globular  figure,  79.    How  proTed,  79.  81. 

Its  poles,  what,  81.    Its  axis,t&.    Its  annual  motion,  87.    Neaief 

the  sun  in  winter,  92..    Its  rotation  the  most  uniibnn  motion  id 

nature,  97.    A  satellite  to  the  moon,  101. 
Earthquakes,  446. 
Echo,  the  nature  of,  explained,  247.    Curious  ones  noticed,  249-. 

Applied  to  the  measuring  of  distances,  250. 
Eclipse,  an  occultation  of  the  sim  or  moon. 
Eclipses,  the  cause  of,  explained,  105 — 108.   'Total  of  the  ^nn,  very 

rare,  107.    Annular,  ibi 
Ecliptic,  the  earth's  annual  path  round  the  heavens.    How  described, 

69.    How  to  trace  the,  70. 
Effluvia,  fine  particles  that  fly  off  from  various  bodies. 
Eggs,  discoloration  of  silver  with  eating,  456. 
Eksticity,  the  quality  in  some  bodies,  by  which  they  recover  tkeit 

former  positions,  after  being  bent.    What  meant  by,  10. 
Electric,  what  meant  by,  403.   ]Ught,  by  whom  first  seen,  404.    Table 

of  electrics,  366^  478. 
Electric  Clocks,  478. 

light,  460. 

' Spark,  430. 

—  Telegraph,  474. 

Electrical  Disch^ger,  424. 

Experiments,  423.  431.  433. 

■  Machine,  408. 

Electricity,  history  of,  403.    Attraction,  electrical,  when  first  noticed, 
U>,    The  two  kinds,  414.    Attraction  and  repulsion,  ib.    Atmo* 
spheric,  438.    Medical,  446.    Animal,  448.    Voltaic,  454. 
Electro-chemical  telegraph,  468.  ^ 
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Electro-magnetism,  473. 

Electrometer,  419.  Lane's,  425.  Quadrant,  the  use  of,  426.  An- 
other kind,  435. 

Electrophorus,  434. 

Electrotype,  465. 

Eolian  Harp,  searucture  of,  explained,  25t.         . 

Ephemeris,  an  almanac.    White's  explained,  72. 

Equator,  how  described,  72.  81. 

Equation  of  Time,  96. 

Equinoctial,  what  meant  by,  Bl* 

Eje,  the  parts  of  which,  how  composed,  337. 

Fahrenheit's  Thermometer,  284. 

Feathers,  electrified,  their  appearance,  416. 

Fire-engines  described,  and  the  principle  of  them  explained,  209. 

Fish,  hoi^  the  J  swim,  213.    Air-vessel  of,  its  uses,  214.    Electric,  4 1 9« 

Flannel,  a  conductor  of  sound,  241. 

Flea,  circulation  of  the  blood  of  a,  7. 

Flood-gates,  why  made  very  thick,  165. 

Flowers,  colours  of,  324. 

Fluids  and  Solids,  how  distinguished,  142.  Particles  of,  exceedingly 
small,  143.     Incapable  of  compression,  145. 

Fluids  press  equally  in  all  directions,  147.  Incompressible,  134.  Air, 
compression  of,  143.  Weight  and  pressure  of,  experiments  on, 
149 — 153.  Lateral  pressure  of,  153 — 155.  Difference  between 
the  weight  and  pressure  of,  1 62.  Motion  of,  1 64 — 1 70.  Experi- 
ments on  the  light  and  heavy,  1 87.  Specific  gravity  of,  difiers 
according  to  the  degrees  of  heat  and  cold,  190. 

Focus,  315.  Imaginary,  of  a  concave  lens,  317.  Of  a  double  convex 
ditto,  285. 

Force,  centrifugal,  what  meant  by,  32. 

Forcing-pump,  209. 

Fountain,  in  vacuo,  225.    Artificial,  233. 

Fountains,  the  principle  of,  explained,  169. 

Franklin  (Dr.)  discovers  that  lightning  and  electricity  are  the  same, 
438. 

Friction,  rubbing.    Must  be  allowed  for  in  mechanics,  52. 

Frogs,  experiments  on,  468. 

Fulcrum,  the  prop  or  centre  on  which  a  lever  turns.  What  meant 
by,  39. 

Galvani  (Dr.),  his  discoveries,  468.    Experiments  on  frogs,  i5. 

Galvanic  Batteries,  how  formed,  458.    Shock,  ib. 

Galvanism,  what  it  is,  455.  From  what  it  derived  its  name,  ib.  The 
same  as  electricity,  ib.  Made  apparent  to  the  senses,  456. 
Positive  and  negative,  464.     Summary  of,  466. 

Garden-engines,  described,  210. 

Gas,  a  kind  of  air.  Hydrogen,  how  procured,  457.    How  collected,  t&. 

Gauge,  a  measure. 

Ii4 
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Geocentric  place  of  a  planet,  what  meant  by,  122.     Longitade,  123. 

Globe,  a  representation  of  the  earth,  81. 

Glue,  for  what  used,  10. 

Gravity,  the  tendency  which  bodies  have  to  the  centre  of  the  earth. 

Centre  of,  what  meant  by,  21.    How  found,  23.     Acts  upon  all 

bodies,  12.     The  law  of,  12.  22.    Illustrated,  16.  19. 
Gravitation,  attraction  of,  defined,  1 1.    Instances  of,  aft.    B7  this  force 

bodies  tend  to  the  centre  of  the  earth,  12. 
Gregory  (Pope),  rectifies  the  Julian  year,  99, 
Gunpowder,  how  fired  by  voltaism,  467. 
Gutta  Pcrcha,  discovered,  476. 
Gymnotus,  described,  449.    Mode  of  catching,  450.     EzperimentB 

with,  449. 
Gyroscope,  64.  • 

Hammer,  philosophical,  218. 

Hampstead,  the  fine  prospect  from,  342.  r 

Hannonical  glasses,  252. 
Harvest-moon,  explained,  113.    Cause  of,  114. 
Heat,  expands  all  bodies,  8.    The  cause  of  great,  93.     Scale  of,  288. 

Of  a  day,  on  what  depends,  299. 
Height  of  any  place,  how  found,  19. 
Heliocentric  Longitude,  128. 
Herschel,  the  planet,  when  discovered,  128.    Magnitude,  distance^ 

&c.,  78.  128. 
Hiero*s  Crown,  cheat  respecting,  how  detected,  ^83. 
High-pressure  steam,  262. 

Hogshead,  how  burst  by  tiie  pressure  of  water,  161. 
Hooke  (Dr.)*  ^^  microscope,  366. 

Hop-waggons,  dangerous  to  meet  in  an  inclining  road,  24. 
Horizon,  the  boundary  where  the  sky  seems  to  touch  the  surface  of 

the  earth  or  sea.    Sensible  and  rational,  85.    To  which  we  refer 

the  rising  and  setting  of  the  sun,  86. 
Humidity,  increases  the  transparency  of  the  atmosphere,  300. 
Hydraulics,  hydrostatic  principles  applied  to  mills,  engines,  pumps, 

&c 
Hydrogen,  465. 
Hydro-electric  machine,  481. 

Hydrometer,  an  instrument  to  measure  the  strength  of  spirits.     De- 
scribed, 187.    To  what  applied,  190. 
Hydrostatics,  the  origin  of  the  term,  142.    The  objects  of,  ib, 
Hydrostatical  Balance,  175. 
— —  Bellows,  described  and  explained,  159.    Press,  161,  and 

208.     Fluids,  pressure  of,  in  proportion  to  the  perpendictUa 

heights,  162. 

Paradox,  explained,  155—158. 


Hygrometer,  an  instrument  by  which  the  moisture  of  the  air  is  mea* 

sured.    Its  construction  and  use,  292.    Different  kinds  of,  293. 
Inunerse,  to  plunge  in. 
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Impel,  to  drive  on. 

Incidence,  lines  of,  248.    Angle  of,  305. 

Inclined  plane,  52. 

Incompressible,  not  capable  of  being  pressed  into  a  smaller  compass. 

Induction,  435. 

Inductive  capacity,  438. 

Inertia  of  matter,  its  tendency  to  continue  in  the  position  in  which  it  is, 

Ingenhouz  (Dr.),  referred  to,  10.    His  character,  11. 

Interstices,  the  hollow  spaces  between  the  particles  of  matter. 

Invisible  girl,  principle  of  its  mechanism,  247. 

Iron,  oxide  of,  457. 

Jupiter,  the  planet,  123.  Its  magnitude  ;  distance  from  the  sun  ;  the 
Telocity  of  its  motion,  123, 124.  The  length  of  its  days  and  nights, 
123.    Satellites,  124. 

Julius  CsBsar,  the  part  he  took  in  reforming  the  year,  99. 

Lateral,  sidewise. 

Latitude,  parallels  of,  90. 

Lead,  eleven  times  heavier  than  water,  155*  Oxide  of,  457.  Ace* 
tate  of,  465. 

Leaf,  gold,  silver,  &c.,  how  burnt,  460. 

Leaks,  in  banks,  how  secured,  167. 

Leap-year,  what  meant  by,  99.    Bules  for  knowing,  100. 

Lenses,  different  kinds  described,  314.    Focus,  ib. 

Levels,  construction  of,  146.    Use  of,  t&. 

Lever,  a  bar,  crow,  &c.  For  what  used,  39.  Why  called  a  me- 
chanical power,  40.  Of  the  first  kind,  what  instruments  referred 
to,  43.  How  to  estimate  its  power,  ib.  Of  the  second  kind, 
what  instruments  referred  to,  44.  Of  the  third  kind,  what  in- 
struments referred  to,  45. 

Levers,  how  many  kmds,  40.    Their  properties  illustrated,  41« 

Leyden  Phial,  420.    When  first  discovered,  421.    Description  of,  423. 

Light,  its  great  velocity,  how  discovered,  303.  Of  what  composed, 
302.  Sun  subject  to  nofapparent  diminution,  ib.  Moves  in 
straight  lines,  304.  Ray  of,  what  meant  by,  ib,  Beflected  and 
refracted,  305 — 3 1 3.  Its  great  advantages,  32 1 .  A  compounded 
body,  322.     Galvanic,  how  perceived,  460, 

Lightning,  conductors  for,  439. 

,  effects  of,  ib. 

Liquids  and  Fluids,  distinction  between,  143, 

Lines,  right,  what  meant  by,  2,  note. 

Locomotive,  264. 

London,  how  supplied  with  water,  169.    Bridge,  waterworks  at,  209. 

Long  Days,  the  reason  of,  91. 

Longitude,  mode  of  ascertaining,  124« 

Lungs,  glass,  238. 

Machine,  electrical,  408, 

IMagic  Lantern,  370, 
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Magnet,  described,  387.    Its  uses,  ib.    Directive  property,  i5.    Arti« 

ficial,  388.    Properties  of^  ib. 
Magnets,  how  to  make,  392. 

Magnetic  attraction  and  repulsion,  389.    Storms,  445. 
Magnetism,  sommarj  of  facts  and  principles,  397. 
M^netization  of  light,  399. 
Magneto-crjstalline  force,  400. 
Magneto-electricity,  442. 

Marbles,  reason  why  they  roll  to  greateir  ot  less  distances,  27. 
Marinei^s  Compass,  described,  394.    Variation  of,  395. 
Mars,  the  planet,  its  distance  from  the  son ;  its  velocity ;  its  magni« 

tade,  &c,  120. 
Matter,  every  substance  with  which  we  are  acquainted.  How  defined^ 

4.    Capable  of  infinite  division,  ib.    Remarkable  instances  of  the 

minute  division  of,  ib. 
Maximum  Thermometer,  286. 

Mechanical  powers,  how  many,  and  what  they  are,  36. 
Medianics,  importance  of,  38.    Power  gained  by  them,  ib. 
Mercury,  the  planet,  its  situation,  116.;  and  Venus,  why  called  iiife<« 

nor  planets,  ib.    Rarely  seen,  ib.    Its  distance  from  the  son  $ 

its  velocity ;  its  size,  &c.,  117. 
Metals,  some  more  sonorous  than  others,  242. 
Meteoric  stones,  how  accounted  for,  301. 
Microscope,  its  principle  explained,  364.  Single,  366.   How  made,  tft. 

Compound,  367.    Solar,  368. 
Minimum  Thermometer,  286. 

Mirrors,  the  different  kinds,  326.    Concave,  328.    Convex,  332. 
Momentum,  the  moving  force  of  a  body.  What  meant  by,  14.    Hlus- 

trated,  ib. 
Month,  what  meant  by,  101.  ■  Difference  between  the  periodical  and 

synodical,  ib. 
Moon,  to  what  laws  subject,  17.    Its  distance  from  the  earth,  108. 

When  in  conjunction,  ib.    When  in  opposition,  ib.    Probably 

inhabited,  104.    Volcanoes  in,  ib.    Eclipses  of,  105. 
Moon  and  earthy  motion  of,  explained,  102.    Shines  with  borrowed 

light,  103.    The  length  of  her  diameter,  ib.   Phases  of,  explained, 

100.    Her  rotation  described,  ib.     Length  of  her  day,  104. 

Length  of  her  year,  ib.    Harvest-moon,  sec  Harvest. 
Motion,  centre  of,  what  it  is,  37.    Laws  of,  27. ;  the  first  illustrated, 

28.;  the  second  illustrated,  29.;  the  third  illustrated,  ib. ;  must  be 

committed  to  memory,  31. 
Motions,  circular,  exist  in  nature,  ib, 
Muschenbroeck,  M,  describes  the  electric  shock,  421. 
Muscular  current,  255. 
Multiplying  glass,  372. 

Musical  instruments  depend  on  the  air  for  action,  252. 
^adir,  the  point  under  out  feeit. 
Nautical  Almanac,  its  nae,  1\. 
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Needle  of  the  mariner's  compass.    Dipping,  396. 

Neptune,  the  new  planet,  129. 

Nerves  apd  muscles,  how  conductors  of  the  galvanic  fluid,  415. 

New  Style,  when  adopted,  100. 

Newton,  Sir  Isaac,  his  experiments  on  electricity,  404. 

Ninkler,  M.,  his  description  of  the  electrical  shock,  422. 

Nodes,  the  points  in  which  two  orbits  intersect  each  other,  105. 

Non-conductors,  406. 

Non-elastic  bodies,  35. 

Objects,  by  what  means  visible,  310.     The  image  of,  how  painted  oil 
the  eye,  338. 

Oblate,  of  the  shape  of  an  orange. 

Opaque,  dark. 

Opposition,  when  the  moon  is  in,  104. 

Optical  delusion,  335. 

Orbit,  the  path  of  a  planet  round  the  sun,  or  of  a  moon  round  ittf 
primary.    The  earth's  orbit,  92. 

Orreries,  electrical,  454. 

Oxidation,  what  meant  by  the  term,  457. 

Oxide,  the  calx  of  a  metal     What  meant  by  the  term,  467. 

Oxygen,  magnetic,  389. 

Paley,  Dr.,  lus  Natural  Theology  referred  to,  342. 

Fapin's  digester  described,  9.  271.     One  burst,  272. 

Parker,  Mr.,  his  large  burning-glass,  316. 

Pendulum,  60.    Its  laws,  61.     Botation,  62. 

Percussion,  a  stroke. 

Phantasmagoria,  37 1. 

Phenomenon,  an  appearance  in  nature. 

Phial,  Leyden,  where  discovered,  421. 

Philosophy,  what  it  is,  1.  Natural  and  experimental,  the  introdnc-* 
tion  to,  not  difficult,  ib. 

Photographs,  379. 

Pisa,  tower  of,  leans  out  of  the  perpendicular,  23. 

Plane,  inclined,  explained,  52.  Examples  respecting,  ib.  What  in** 
struments  referable  to,  52. 

Planets,  their  number  and  names,  77.  Characters  of,  78.  Latitude 
of,  70.  The  order  of  their  motions,  71.  How  to  find  their  dis- 
tances, 117.    Synopsis  of,  129. 

Pneumatics,  what  treated  of  under,  213. 

Points,  cardinal,  67. 

Polarization,  373. 

Pole-star,  its  use,  67. 

Poles,  81.  Apparently  stationary,  87.  Only  one  day  and  one  night 
in  the  year  at,  95. 

Press,  hydrostatical,  161. 

Priestley,  Dr.,  his  History  of  Electricity  referred  to,  403. 

Price,  Dr.,  referred  ta  18. 

Prism,  the  effect  of,  321, 
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Pscudoscope,  349. 

Puddling,  what  meant  by  the  term,  167. 

Pollej,  how  explained,  49.  The  single  gives  no  advantage,  50.  Tb0 
moveable,  ib.  Disadvantages  attending  pulleys,  51.  Concentric 
pulley,  1*6. 

Pomp,  pnnciple  of,  206.  Porcing-pmnp  described,  209.  Rope-punp, 
211.     Chain-pump,  i6. 

Pjrrometcr,  its  construction  and  use,  290. 

Quicksilver,  the  pressure  of  a  colunm  of,  219. 

Radiant  points,  from  whence  rays  of  light  flow  in  all  directions. 

Rainbow,  the  cause  explained,  354.  Artificial,  356.  Cuiions  ones 
described,  ib. 

Rain,  cause  of,  explained,  300.    An  electrical  phenomenon,  322. 

Rain  guage  its  construction,  296.    How  it  is  used,  297. 

Rays,  pencil  of,  what  meant  by,  314.     Parallel  definition  o^  ib. 

Reflection,  rebounding  back.  Its  powers  in  apparently  multiplying 
objects,  66.     line  of,  explained,  248.    Of  %ht,  304. 

Refracting  Index,  310. 

Refraction,  inclining  or  bending  out  of  a  direct  course.  Its  power  in 
apparently  multiplying  objects,  68.  Of  light,  307.  Optical  de- 
ception arising  f^m,  312. 

Repulsion,  driving  away,  what  meant  by,  11.    Instances  of,  ib, 

R^duum,  electrical,  what  meant  by,  424. 

Retrograde  Motion,  by  which  the  heavenly  bodies  appear  to  go 
backwards. 

Reverberate,  to  beat  back. 

River,  New,  how  it  supplies  London  with  water,  169.  Reservoirs  be- 
longing to,  170. 

Rivers,  banks  of,  must  be  very  thick;  166. 

Rolling  globe,  walking  on  a,  26. 
•  Rose-coloured  prominences  of  sun,  108, 

Rotation  of  earth  visible,  63. 

Roundabouts,  the  principle  of,  37. 

Rope-pump,  209. 

Savery,  Capt.,  supposed  inventor  of  the  steam-engine,  257. 

Saliva,  decomposed  by  Galvanism,  457. 

Salt»  whatever  has  a  sharp  taste,  and  is  soluble  in  water. 

Salt  Water,  heavier  than  fresh,  consequence.of  to  a  loaded  vessel,  190. 

Satellites,  moons. 

^Saturn,  the  planet,  how  known,  125.  Its  magnitude,  ib.  Distance 
from  the  sun,  velocity  of  its  motions,  127.  Its  satellites  and  rings, 
126.    The  length  of  its  day  and  night,  127. 

Scioptric  Ball,  319. 

Screw,  an  inclined  plane  wrapped  round  a  cylinder.  Its  principle  ex- 
plained, 56.  Of  what  composed,  ib.  Examples  of,  56.  Used 
by  paper-makers,  58.    Its  power  estimated,  59. 

Screw-pile,  59. 

Screw-steamer,  58. 
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Season,  the  hottest,  92. 

Seftsons,  varietj  of,  on  what  depends,  89.  9L    Dififerent,  how  ac- 
connted  for,  91—96. 

Shadow,  of  the  earth,  its  form,  106. 

Sight  and  hearing  compared,  305. 

Signs,  astronomical    See  Zodiac. 

Silums  Electricns,  described,  448. 

Silver,  experiment  with,  456. 

Slaves,  how  thej  get  at  their  master's  mm,  188. 

Smoke,  the  leason  of  its  ascent,  237. 

Smoke-jack,  its  principles,  253. 

Solar  system  described,  74.  76 — 82. 

Solder,  for  what  Tised,  10. 

Sound,  conductors  of,  24 1 .    How  far  it  may  be  heard,  243.    How  fast 
it  travels,  ib.    Velocity  of,  applied  to  practical  purposes,  244. 

Southing,  moon's,  74. 

Sovereign,  specific  gravity  of,  176. 

Spark,  electrical,  its  nature,  430.    Galvanic,  its  power,  458. 

Speaking  Trumpet,  245.    Images,  247. 

Specific  gravity,  what  meant  by,  1 5 1.  Of  bodies,  explained  and  illns« 
trated,  171—186.     How  to  find,  175.    Table  of,  186. 

Spectades,  their  construction,  uses,  and  difierent  kinds,  351. 

Spirit,  rectified,  what  meant  by,  189. 

Spots  on  the  sun,  138. 

Springs,  intermitting,  explained,  196. 

St.  Paul's,  whispering  gallery  of,  principle  explahied,  250. 

Stars,  how  to  find  the  names  of,  67.    fixed,  their  number,  ib.    May 
be  distinguished,  ib.   Why  marked  on  die  globe  with  Greek  cha- 
racters, 69.  Fixed,  their  apparent  motion,  83.    Why  not  seen  in 
'  the  day,  87.    Fixed,  their  immense  distance,  139.    Fixed,  de« 
scription  of,  t&.    Their  uses,  140. 

Steam-Engine,  its  use,  257.  When  invented,  ib.  Its  structure,  258» 
The  application,  270.  That  of  Messrs.  Whitbread  described,  247. 
Its  power  calculated,  270.    Accidents  occasioned  by,  ib. 

Steelyard,  a  sort  of  lever,  40.  Its  principle  described,  42.  Its  advan- 
tages over  a  pair  of  scales,  ib. 

Stereoscope,  343. 

Stones,  meteoric,  301.  ' 

Style,  new  and  old,  99. 

Suction,  no  such  principle  in  nature,  220,  221. 

Summers,  two  in  a  year  in  some  places,  95. 

Sun  and  Clocks,  seldom  together,  75. 

Sun,  declination  of,  74.  Longitude  of,  ib.  Has  little  latitude,  ib.  Its 
magnitude,  76.  Why  it  appears  so  small,  t6.  Its  distance  firom 
the  earth,  ib.  Annual  motion  of,  how  observed,  70.  Nearer  to 
the  earth  in  winter  than  in  summer,  92.  Eclipses  of,  107.  A 
description  of,  137. 

Sun  pictures,  379. 
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Swimming,  tfieoiy  ci^  190.    How  to  be  attained  191.     Imv  natail 

to  man  than  to  other  land  animate,  t&. 
Sjphon,  the  stnictore  of,  explained,  194.    Its  princ^ile,  ib. 
Syringe,  its  stractore  explained,  219.  Condensing  <me  deecxibed,  88S. 
Tables,  Galvanic,  461. 
Tangent,  a  straight  line  tonching  the  drcnmference  of  a  circle  m  one 

point 
Tangible,  capable  of  being  felt  or  handled. 
Tantalus's  Cup,  195. 
Taste,  a  disagreeable  one  excited  by  the  onion  of  metals  placed  oa 

and  under  the  tongue,  456.    How  accounted  for,  »6. 
Telescope,  refracting,  expUined,  857.    Nig^  360.     Beflecdng,  ex<» 

plained,  361.    Dr.  Herschel's,  362. 
Telescope  wires,  5. 

Temperatures  of  the  air,  to  what  limited,  300. 
Terms,  technical,  derived  frx>m  the  Greek  language,  142. 
Thermo-electricity,  481. 
Thermometer,  its  construction  and  uses,  283—290.     Its  scale,  288. 

Wedgewood's,  ib,   Reaumur's  scale  compared  with  Fahrenheit's, 

289.     Heat,  scale  o^  ib.  ^ 

Thunder,  how  produced,  446.    Thunder  clouds,  ib. 
Tides,  the  cause  of,  explained,  110—112.    Two  every  25  hours,  ib. 

Different  in  different  places,  ib.    When  the  highest  happen,  113. 
Time,  equal  and  apparent,  how  distinguished,  96.     On  what  the  dif-l 

ference  depends,  ib.    Equation  of,  ib.    Diviidon  o^  100. 
Time  and  space,  clear  ideas  o^  necessary  to  be  formed,  38. 
Time-signals,  478. 
Torpedo  described,  448. 
Torricellian  experiment,  219—273. 
Transferrer,  an  instrument  used  in  Pneumatics,  223. 
Transit  of  Venus,  her  passage  over  the  sun's  face. 
Transit  Telescope,  360. 
Trembling-eel  noticed,  450. 
Triangle,  what  meant  by,  3.    Any  two  sides  of,  greater  than  the 

thirds  33. 
Tropics,  circles  parallel  to  the  equator. 
Trumpet,  speaking,  described,  245.     When  first  used,  246. 
Trumpets  for  deaf  persons,  ib. 
Tube,  a  pipe. 
Twilight,  the  degree  of  light  experienced  between  sun  setting  or  rising 

and  dark  night. 
Undulation,  swinging  or  vibrating. 
Vacuum,  a  place  void  of  air.. 
Valve,  a  sort  of  trap-door. 
Valves,  what  meant  by,  206. 
Vegetables,  how  blanched,.  324. 
Velocity,  a  term  applied  to  motioii.   Accelerating,  what  meant  by,  ld» 
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Venns,  the  planet,  its  distance  from  Uie  sun ;.  the  velocitjof  its  motion ; 

its  magnitude,  118.    Why  an  evening  and  why  a  morning  star, 

119.     Transit  of,  what  meant  hj,  t&. 
Vernier,  its  construction  and  use»  274. 
Verteic,  the  top  of  anything. 
Vibration,  the^Jswinging  motion  of  a  pendnlnm« 
Vis  Inertise,  32. 
Vision,  the  manner  of,  389. 
Volatile,  any  light  substance  tha4;  easily  evaporates^ 
Volcanoes  in  the  moon»  104. 
Voltaic  batteries,  457.    Shock,  458.    Curcles,  461. 
Voltaism,  457.     £bq)eriments,  &ic.,.  459. 
Wall,  leaning  one  at  Bridgenorth,  28. 
Water,  considered  incompressible,^  1^5*    ^^^^^^  i*^  ^^  standtod  t» 

compere  other  bodies  with,  172.  Weighs  the  same  everywhere,  ib^ 

Always.deeper  than  it  appears  to  be,  192.  31 1.    How  raised  from 

deep  wells,  210.    Formed  of  two  gases,  464^    Decomposed,  455. 
Water-clocks,  165. 
Water-press,  210. 

Water-spouts,  their  cause,  441.     How  dispersed,  445. 
Weather,  rules  for  judging  of,  297.  Why  Very  bright  before  ram,  300. 
Wedge,  a  triangular  piece  of  wood  or  metal,  to  cleave  stone,  &c   Its 

principle  explained,  54.    Its  adyantages  in  cleaving  wood,  65« 

What  instruments  referred  to,  »6. 
Wedgewood's  Thermometer,  287. 
Weight  of  bodies  in  vacuo,  238. 
Wel^  how  to  find  the  depth  of  one,  19. 
Wheel  and  Axis,  described,  45.    For  what  purposes  used,  47.    Its. 

power  estimated,  t6.    How  increased^  ib,    IkplaiUed  on  the 

principle  of  the  lever,  48. 
Whirlwmds,  445. 
Whispering  Gallery,  250. 
White,  Mr.  James,  his  patent  pulley,  51. 
Wind,  what  it  is,  252.    The  cause  of,  253.    Experiment  on,  ib,   De-» 

finition  of,  ^.     How  to  find  its  velocity,  Si 55. 
Wind-gun,  the  magazine,  240. 
Windsor,  rope-pump  at,  210. 
Winter,  why  colder  than  sunmier,  93. 
Wood,  burned  to  a  coal  in  water,  316. 
Year,  its  length,  how  measured,  100.    Gregorian,  what  meant  by,  ib. 

The  beginning  of,  changed  from  25th  of  March  to  1st  of  January^ 

101. 
Zenith,  that  point  of  the  heavens  which  is  over  one's  head^ 
Zinc,  experiment  with,  456. 
Zodiac,  a  belt  in  the  heavens,  sixteen  degrees  broad,  tiirongh  lirhich 

the  ecliptic  runs.     Signs  of,  73. 
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